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Art. I.—On the Deep Placers of the South and Middle Yuba, Ne- 
vada county, California, in connection with the Middle Yuba and 
Eureka Lake Canal Companies ; by B. SILLIMAN. 


Geographical and Geological position of the Gold in California.— 
The gold of California is found chiefly on the western slopes 
of the Sierra Nevada in rocks believed to be not older geologi- 
cally than the Jurassic. The great gold region of the State, that 
area from which much the largest amount of gold bullion 
has been derived, stretches over about three degrees of latitude 
from near Fort Miller on the San Joaquin river in Fresno 
county, north to Deer Creek and the Forks of the Feather river 
in Plumas county, an area of about 200 miles in length and 
of an average width of about 40 miles, although it widens 
toward the north to about 70 miles from east to west. Its 
approximate area is probably about 1000 square miles. There 
are other important gold-bearing areas, especially those to the 
north near the sea coast, viz: the Waldo or Sailors’ diggings, 
the Sea Shore diggings, and a large but not very productive 
district, bounded on the north by the Klamath river, and south 
by Trinity river and the forks of the Sacramento near Shasta. 
In the southern part of California are several subordinate 
gold fields of inconsiderable area, chiefly in the Coast range 
mountains; such are the Santa Cruz diggings near the coast, 
the San Antonio, the Francesquito, San Fernando, San Gabriel 
and Holcomb valley. These are chiefly interesting historically 
as having furnished the earliest evidence of the existence of 
gold in California, some of the southern gold fields having been 
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well known to the Spanish missionaries from an early period, 
long anterior to the date commonly mentioned (1849) for the 
first discovery of gold in California. Prudential considerations 
led these ecclesiastics to prevent as far as possible the spread of 
any knowledge respecting the existence of gold on or near 
their mission lands. 

From this statement it will be observed that the gold in 
California is probably of two distinct geological ages, that of 
the Sierra Nevada being Jurassic or Triassic, that of the Coast 
range Cretaceous or Tertiary. . 

Sources to which the Gold in California is referable.—The original 
source from whence all the gold of California has been derived 
is undoubtedly the veins of gold-bearing quartz which occur so 
abundantly in all the slates and metamorphic rocks of the west- 
ern slope of the Sierras within the areas known as the gold re- 
gions. But this original or great source of the precious metal is 
historically secondary to the shallow and deep diggings or placers, 
in the former of which the gold was first discovered, and which 
during the early years of California history furnished nearly the 
whole of the metal sent into commerce. That the placers were 
derived from the degradation or breaking up of the auriferous 
veins and the distribution of the detritus thus formed by the 
agency of running water and ice does not admit of a question. 
It appears also to be pretty conclusively proved that the gold- 
bearing gravel is of two distinct epochs, both geologically very 
modern, but the later period distinctly separated in time from 
the earlier, and its materials derived chiefly from the breaking up 
and redistribution of the older or deep placers. These appear 
to be distinctly referable to a river system different from that 
which now exists, flowing at a higher level, or over a less eleva- 
ted continental mass, and with more power, but generally in the 
direction of the main valleys of the present system. The reasons 
for this opinion will be hereafter stated more at length, 

The sources to which the gold in California is referable are 
therefore 

1st. The distribution of placer gold by the present River Sys- 
tem, giving the ‘ Shallow diggings.’ 

2d. The distribution of placer goid by an ancient River Sys- 
tem, known as ‘ Deep diggings.’ 

3d. The gold-bearing quartz veins in the metamorphic rocks 
of the Sierra Nevada. 

This is also the order in which the development of the coun- 
try by human industry has brought the gold to light: the com- 
paratively small number of exceptions to this generalization from 
the early workings of quartz mines forming in fact a confirma- 
tion of its general accuracy. 

The first rush of adventurers was to the shallow placers, 
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where the gold, chiefly washed out of the older placers, was 
found distributed, within reach of the miners who had only a 
pick and shovel or pan. Here the first fruits of labor were 
sometimes very ample, and the capital and skill employed quite 
small. Gradually, as the gold thus superficially distributed be- 
came partly exhausted, streams of water and various contriv- 
ances for ‘sluicing’ were introduced, involving more skill and 
the union of labor with capital. 

It was pretty early discovered that very extensive and valu- 
able deposits of auriferous gravel lay at levels far above the 
present course of the streams, and that to wash these deposits 
required the adoption of new methods adapted to meet the case. 
Hence came the so-called Hydraulic process, which, although in 
use now for more than ten years, has yet made barely more 
than a commencement upon the great mass of deep lyin 
auriferous shingle which remains to be treated by this metho 
of gold washing. 

Finally comes the era of quartz mining in depth, the success- 
ful prosecution of which demanded more skill and capital, as 
well as cheaper labor and better machinery than the early days 
of California furnished. In this man undertakes to do for him- 
self, by the use of his own skill, what in an earlier age nature 
had done for him on a grand scale in breaking up the matrix 
of the precious metal, commencing at the fountain head of the 
stream of gold. 

I propose at present to consider with some detail the second 
of the great sources of gold production, viz: Deep-lying Placers. 
The character of these deposits is well illustrated by a descrip- 
tion of the ground between the south and middle forks of the 
Yuba River, in Nevada county, where this description of gold 
deposit is well exposed in consequence of the considerable 
amount of mining work which has been performed there, the 
whole of this ground being controlled by the waters of the 
Middle Yuba Canal Company, and of the Eureka Lake Water 
Company. 

The Deep Placers of the Yuba.—The Yuba is an afiluent of the 
Feather river, which it joins at Marysville on its way to its junc- 
tion with the Sacramento. The South and Middle forks of the 
Yuba river unite with the North Yuba, the course of which is 
nearly at right angles to these two branches, whose mean course 
is west about 13° south (magnetic), the Feather river running 
about north and south, 

The ridge of land embraced between the South and Middle 
forks of the Yuba is from six to eight miles in width, and to the 
limits of the auriferous gravel, as thus far explored, about 30 
miles, forming an area of about 200 square miles. The elevation 
of this ridge above the sea is, at its western extremity near French 
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Corral, about 1500 feet, from whence it gradually rises into the 
high Sierras, the Yuba Gap Pass being 4570 feet above the sea, 
and the Downieville Buttes about 8840 feet. This Mesopotamia 
is cut up by ravines descending from a central axis both wdys 
into the valleys of the two rivers forming ‘gulches’ with steep 
sides, often beautifully wooded. The more elevated portions of 
the land are eet | by a heavy bed of volcanic ashes and 
breccia, which evidently at an earlier day formed a continuous 
sheet over not only the tongue of land under consideration, but 
over the adjacent region, as is conspicuously seen in the sections 
afforded by the various rivers. This mass of voleanic ashes con- 
tains numerous angular fragments of cellular lava, trachyte, 
basalt, porphyry and volcanic mineral aggregates, quite foreign 
to the general geology of the country. Its thickness varies with 
the topography and drainage of the surface, but it forms the 
summits of all the hills above a certain horizon, and in places 
reaches an elevation of from 2000 to 8000 feet above the level 
of the rivers. Below Columbia the denudation of the surface 
has removed the volcanic matter, leaving the auriferous gravel 
exposed as the upper surface. This volcanic deposit receives 
from the miners the general name of ‘cement,’ a term it well 
deserves from its compact and tenacious character, much re- 
sembling pozzuolana or Roman cement. The accompanying sec- 
tion was made by Mr. Hugo Hochholzer to accompany his map 
of the ridge, and represents the line drawn from the Fellows 
Quartz Lode, on the Middle Yuba, southeast through Snow Point 
and Mount Zion, to the South Yuba. 


This section represents a point above most of the deep dig- 
gings, the gravel on this portion of the ridge being generally 
covered by the volcanic cement, so as to be inaccessible by the 
— of hydraulic working, and available at a later day only 

y deep mining. 

It shows the ravines of the two branches of the Yuba at f 
(middle) and g (south), the ‘bed rock’ a, the auriferous gravel 
4, and the volcanic cement ¢ covering all. The Snow-Point 
Diggings are seen at d, and the position of two of the water- 
ditches at e. 

The auriferous gravel varies in thickness from 80 or 100 feet, 
where it has been exposed to denudation, to 250 feet or more, 
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where it is protected from such action. Probably 120 feet is 
not an over-statement for its average thickness in the marginal 
portions, where it has been exposed by working the deep dig- 
gings or hydraulic claims. This vast gravel bed is composed 
of rounded masses of quartz, greenstone, and all the metamor- 
phic rocks which are found in the high Sierras. 

It is often locally stratified, but I could find no evidence of 
any continuity in its beddings. The lower portions are com- 
posed of larger boulders than the upper, as a general rule, but 
this does not exclude the occasional presence of huge boulders 
in the central and upper portions. In a fresh fracture of the 
whole thickness of these deposits, such as may be seen daily in 
the ‘claims,’ which are being actively worked, a striking con- 
trast of color is seen between the lower and upper portions of 
the gravel mass, consequent on the percolation of atmospherie 
waters and air, oxydizing the iron resulting from the decompo- 
sition of pyrites, and staining the gravel of a lively red and 

ellow color in waving lines and bands, contrasting boldly 
with the blue color of the unoxydized portions. A close exam- 
ination of the blue-colored — of the gravel shows it to be 
highly impregnated with sulphuret of iron, forming, in fact, the 
chief cementing material which holds the pebbles in a mass as 
firm as conglomerate, requiring the force of gunpowder to break 
1t up. 

i the upper portions of these beds are frequent isolated 
patches, often of considerable extent, composed of fine sand, 
clearly showing water lines, curved, sloping or horizontal, but 
never for any distance regular, and in these portions occur 
frequently large quantities of lignite, or fossil wood, little 
changed from its original condition, but blackened to the color 
of coal and flat with pressure. Among these remains are logs 
similar in appearance to the Manzanita, now growing abun- 
dantly on the hills of auriferous gravel. Some of these, which 
I measured, were fifteen to eighteen inches in diameter and ten 
to fifteen feet in length. Occasionally the mass of this ancient 
driftwood accumulated in these eddies of the current, where 
they were deposited with the fine sands, amount almost to a 
continuous bed of lignite. 

Wedge-shaped and lenticular masses of tough yellow and 
whitish clay also occur in the ancient drift, replacing the gravel 
and affording, by their resisting power, a great impediment to 
the operations of mining. 

The ‘slacking down’ or disintegration which a few months 
exposure of the hard gravel ‘cement’ produces, is due mainly, 
if not entirely, to the decomposition of the associated pyrites 
before noted. It is remarkable how large a part oP the 


smoothed and beautifully rounded stones, even those of large 
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size, undergo a similar slacking by atmospheric action, even in 
a very brief period of time, rendering it almost impossible to 
preserve specimens of the gravelly concrete unless they are pro- 
tected by varnish. The most unyielding of the ‘cement’ masses 
are sometimes left over one season by the miners, exposed to the 
air and frost, to secure the benefits of this disintegration, without 
which but little of the contained gold can be obtained. 

The gold is disseminated throughout the entire mass of this 
great gravel deposit, not uniformly in value, but always in 

reater quantity near its base or on the bed rock, The upper 
half of the deposit is found to be always less in value than the 
lower part, sometimes so poor that it would be unprofitable 
working by itself, but inasmuch as there is no practicable mode 
of working the under stratum without first moving the upper 
portion, in practice the whole is worked. 

The gold rarely occurs in large masses in this ancient gravel. 
Often on the polished and very smooth surfaces of the ‘bed 
rock’ and of the superincumbent masses of gravel when freshly 
raised from their long resting place, the scales of brilliant 
yellow metal are beautifully conspicuous. These are frequently 
inlaid so firmly upon the hard granite floor of the ancient river 
or glacier as to resemble hard stone mosaics. In fact the whole 
surface of the bed rock requires to be worked over by the pick 
to secure the gold entangled in its surface, to a depth, when 
soft, (as of mica or chloritic slate or gneiss,) of several inches. 

The method of extracting the gold from these deposits by 
hydraulic process is described under a subsequent head. 

The Bed Rock, as it is significantly termed by the miners, 
shows everywhere when freshly exposed the most conspicuous 
evidence of aqueous or glacial action. The course and direction 
of the motion which has left its traces everywhere is plainly 
discernable. Nothing would so satisfactorily convey a correct 
idea of the remarkable features of this ancient floor, moulded 
and rounded by water or ice, as a series of good stereoscopice 
photographs such as I hope to secure the present season through 
the kind assistance of Mr. C. F. Watkins, of San Francisco, so 
well known for his admirable California views. The “bed rock” 
varies of course in different portions of the area now under con- 
sideration, being either granite, gneiss, greenstone or shale. In 
the granite are observed numerous minute quartz veins pursuing 
a course parallel to each other often for hundreds of feet without 
interruption. 

In the ‘ American Claim,’ at San Juan, the granite is suc- 
ceeded on the west by a large jointed blue siliceous shale, of the 
same strike with the main joints of the granite. This latter 
rock is covered by numerous very large boulders of meta- 
morphic conglomerate, of which no traces are seen in place. 
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The course of the ancient current where I had an opportunity 
of measuring it, appears to have been about 20°-25° west of 
north, (magnetic,) which it will be observed is nearly at right 
angles to the mean course of the middle and south forks of the 
Yuba; but it is not far from parallel with the axis of the Sac- 
ramento river valley, or of the great valley between the Coast 
Range and the Sierra Nevada. I have noted the same general 
direction of the scratches elsewhere in the great gold region, but 
additional observations are required to justify any comprehen- 
sive generalization. This much appears clearly shown, however, 
by the present state of our knowledge on this subject, viz: that 
the spread of the ancient gold-bearing gravel was produced by 
a cause greatly more elevated than the existing river system, 
or, which is more probable, at a time when the continent was 
less elevated than at present,» and iwnoving in a direction con- 
formable to the course of the valleys of the Sacramento and San 
Joaquim. We find it impossible to admit the existing river- 
system as a cause adequate to the spreading of such vast masses 
of rounded materials; the facts plainly point to a much greater 
volume of water than any now flowing in the valley. The see- 
tion already given illustrates perfectly the relations of the pres- 
ent river-system to the more ancient one whose grand effects are 
chronicled in the bed rock and its vast superincumbent mass of 
auriferous gravel. It serves also to illustrate the process now 
still in progress, by which the existing river system derived 
its gold-bearing sands, in great part at least, from the cutting 
away and secondary distribution of these ancient placers. 

Those who have had the opportunity of visiting other por- 
tions of the great gold region of California than that now 
under consideration will at once recognize the local characters 
of the details given as perfectly consistent with the general 
phenomena of the ancient placers as observed elsewhere ; while 
at the same time great differences are found in many of the 
details. Thus in Calaveras and Tuolumne counties, 80 or 100 
miles farther south, the volcanic matter capping the auriferous 
gravel is found in the form of basaltic columns, beneath which 
recur the same phenomena already described. Here the wood 
contained in the gravel beds is beautifully agatised, or con- 
verted into semi-opal, as is the case also at Nevada City, Placer- 
ville, and elsewhere, associated with beautiful impressions of 
leaves of plants and trees similar in appearance to those now 
found in this region. 


1 It is the opinion of geologists that the larger part of the erosion excavating the 
valleys of the continents took place after the Tertiary period. It was probably 
during this same time that the deep-lying auriferous gravel was produced from the 
degradation of the metamorphic schists and quartz veins of the Sierras by the joint 
action of water and of glaciers. 
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This general description of the deep-lying placers of the Yuba 
might be greatly extended from my notes, but enough has 
probably been said to convey the impression that the phenom- 
ena here described are on a grand and comprehensive scale, and 
referrable to a general cause long anterior in date to the exist- 
ing river-system; a cause which has been sufficient to break 
down and transport the gold-bearing veins of the Sierras, with 
their associated metamorphic rocks, thus laying up in store for 
human use deposits of the precious metal in amount, on a scale 
far beyond the notions generally prevailing of the nature of 
placer deposits. 

Quantity of Gold in the Deep Placers of the Yuba.—The exten- 
sive mining operations which, since 1852, have been carried on 
upon the ridge of land between the South and Middle Yuba riv- 
ers, have supplied the data requisite for a pretty accurate estimate 
of the average value of gold actually saved in mining and wash- 
ing a given quantity of auriferous gravel. Without making an 
exact survey of the ground, it would be impossible to give a 
precise statement of the total quantity of gravel which has been 
washed away, much less of what yet remains to be washed. 
Fortunately, Mr. George Black, a skillful English engineer long 
resident in California, has twice made a reconnoissance of the 
ground now under consideration, and his Report,’ privately 
printed, has been placed at my disposal. I shall use its data 
with freedom so far as they are required to confirm or extend 
my own observations. 

The mining ground in this area stretches along both margins 
of the delta from French Corral, a place near its western ex- 
tremity, in a line pretty closely parallel to the Middle Yuba, 
skirted by the claims known as Birchville, Sweetland’s, Sebas- 
topool, the Eureka claims (at North San Juan), Badger’s Hill, 
through Grizzly Gulch to Woolsey’s Flat, Moore’s Flat, Orleans 
Fiat, and Snow Point to Eureka, and thence crossing to the 
South Yuba slopes; it includes Mt. Zion, Relief Hill, Bloomfield, 
Lake City, Grizzly Hill, Columbia, Pleasant Hill, and Monte- 
zuma, the entire circuit being over sixty miles. 

But I was fully convinced from my own examinations of this 
ground, in November of last year, that but a very small part of 
the mining ground available for early development and quite 
within easy control of the existing flow of water faraished by 
the Middle Yuba Canal Co, and the Eureka Lake Co. has been 
taken up, much less opened for work. Mr. Black estimates the 
length of the mining claims at present supplied with water by 
the Middle Yuba Canal Co, at five miles, with an average width 
of three hundred and fifty yards, and an average depth of forty 


? Report on the Middle Yuba Canal and Eureka Lake Canal, Nevada Co., Cali- 
fornia. By Georcr Brack, Civil Engineer. San Francisco, 1864. pp. 32. 
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yards, making a quantity of one hundred and twenty-three 
millions of cubic yards of auriferous gravel. He also estimates 
that eight per cent of this quantity has been worked away in the 
past twelve years, leaving one hundred and thirteen millions of 
cubic yards which remain for future operations. At an average 
of thirty-four cents of gold to the cubic yard (the average in 
the Yuba region appears to be from thirty cents to forty-five 
cents per cubic yard, saved in the hydraulic process), the vol- 
ume of auriferous gravel here estimated would yield over thirty- 
eight millions of dollars. But the total area of the various 
places where gravel deposits have been worked on this ridge is 
estimated by Mr. Black as equal to fifteen square miles, all of 
which, and much more, is controlled by the water of the Eu* 
reka Lake Co., or of the Middle Yuba Canal. If this area is esti- 
mated at an average of forty yards in depth (it varies from 
eighty to two hundred and two hundred and fifty feet in depth), 
we shall have one thousand eight hundred fifteen million nine 
hundred and thirty-six thousand cubic yards of gravel, and if 
this be estimated to yield only thirty cents per yard, we reach 
the grand aggregate of five hundred and forty-four million six 
hundred and ten thousand dollars as its probable yield in gold. 
The average cost of the water required to wash away one 
cubic yard of gravel has heretofore been seven and a half cents: 
but if its price is reduced to six and a quarter cents (=163 cents 
for one miner’s inch of water) for each cubic yard, the cost of 
the water to perform this work will be nearly one hundred and 
twenty millions of dollars ($119,316,320). It is easy to see 
from these statements that the amount of gold contained in the 
deep placers of the Yuba alone is probably greater than the 
aggregate of all the gold yet exported from the whole Pacific 
coast, which (including silver) amounted on the first of Janu- 
ary, 1865, to $695,944,786.° Mr. Black’s estimate of the area 
of mining ground applies only to certain marginal parts of 
the Yuba district which are not covered by the volcanic tufa. 
I saw beyond these limits a vast amount of valuable mining 
ground in this area, all under control of the existing water- 
flow of the Eureka Lake Company. There is little doubt, 
that at a future time a considerable portion of the ground 
covered by volcanic ash beds will be made to yield its pre- 
cious deposit in a day of cheaper labor, and with improved 
methods of mining. At Forrest City, Minnesota, and Alleghany 
town, situated on the north bank of the Middle Yuba, immedi- 
ately opposite Snow Point, the volcanic ash bed covers the 
‘oreat Blue Lead’ (part of the ancient auriferous gravel,) where 
it has yielded almost fabulous wealth to the explorers. The 


* Mercantile Gazette for January 12, 1865. 
Am. Jour. Sc1.—Seconp Series, XL, No. 118.—Jvxy, 1865. 
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‘Live Yankee Claim,’ for example, at Forrest City, is reported 
to have paid its owners over three millions of dollars. The 
south side of the Middle Yuba yet remains to be explored for 
the continuation of this streak of ‘rich pay’ which points nearly 
in the direction of the section given in this Report. 

It will be observed that these estimates apply only to the 
value of gold actually saved. That this amount is small com- 
pared with the total contents of the placers, will appear when 
we come to describe the method by which it is saved, and see 
how crude that process yet is. What goes down the ravines 
from the washing is not all lost, as it is partially washed again 
in the rivers below by the Chinese and others, but there are no 
data for determining how much is thus saved. No account is 
taken in this connection of those extremely rich deep placers, 
which, like the workings at Forrest City, &c., just named, and 
other localities, yield gravel so rich in gold that the whole 
mass is often worked in a crushing mill. 

Process of Hydraulic Mining.—W ith the more or less complete 
exhaustion of the shallow placers in the ravines and river beds 
in California, where the gold was first obtained with little labor 
and by the most simple means, came the necessity of devising a 
system by which. the deep placers, like these under consideration, 
could be economically worked. The accomplishing of this ob- 
ject demanded the use of a large amount of capital, to be expen- 
ded in the construction of canals and aqueducts to convey water 
from the mountains and fountain heads of the streams, at a suit- 
able elevation and in sufficient quantity to command the ground 
to be worked, as well also as for the opening of tunnels and 
shafts in the ‘bed rock,’ for the discharge of the gravel, an ope- 
ration requiring much labor and skill, and consuming often sev- 
eral years in their prosecution. 

The association of labor and capital thus demanded, called 
into existence in various parts of the State, Canal and Ditch 
companies, the associates being generally miners, whose lim- 
ited finances were eked out by borrowing money from bank- 
ers, at rates of interest ranging from three to five per centum 
monthly. The Middle Yuba Canal Company was thus organ- 
ized in 1853, and the construction of its hydraulic works 
commenced, the water being brought from a point on the 
Middle Yuba river just below Woolsey’s Flat, where the stream 
was dammed, with a total cost, including the various branch 
ditches, reservoirs and extensions, to June 1858, of $397,171.91, 
(since then increased to about $600,000) and with a safe capacity 
of thirty-eight cubic feet of water per second, which can easily 
be increased by inexpensive improvements to sixty cubic feet 
per second. The first named quantity is equal to 1500 inches 
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miner’s measurement, the second to 2280 miner’s inches.‘ The 
Eureka Lake Water Company’s works, commenced in 1858, have 
cost about one million of dollars. 

Experience has demonstrated that the larger the volume of 
water employed in the process of washing, the more the efficiency 
and greater the economy of the operation. The proper applica- 
tion of the great mechanical force furnished by large volumes of 
water under a great pressure was a problem solved satisfactorily 
only after many abortive trials and large experience. This prob- 
lem involves the following conditions. 

1st, The whole mass of auriferous gravel must be moved, 
whatever its depth, quite down to the ‘bed rock.’ , 

2d, This must be accomplished by the action of water alone, 
human labor being confined to the application of the water, 
and the preliminary preparations it involves, the amount of 
material to be moved and disposed of in every day of ten hours 
being from 1500 to 3000 cubic yards for each first class opera- 
tion, involving the use of 400 inches of water. 

3d, The mechanical disintegration of the compact conglome- 
rate as a part of the uninterrupted operation of the whole system. 

4th, The contemporaneous saving of the gold, without inter- 
rupting the continued flow of the water. 

Sth, The disposal of the accumulations resulting from the 
removal of such vast masses of auriferous gravel. 

These conditions are in practice met by the following steps. 
The mining ground being selected, a tunnel is projected from 
the nearest and most convenient ravine, so that starting in 
the ‘bed rock’ on the face of the ravine, it shall approach the 
center of the gravel mass to be moved at a gradient of about one 
in twelve to one in twenty. The dimensions of this tunnel are 
usually six feet in width by seven feet in height, sometimes 
wider; and where possible, it is carried on a line of contact be- 
tween the granite and the shales, for the greater ease of excava- 
tion. These tunnels vary in length from a few hundred feet to 


* The miner's inch of water, in California is that quantity of water which will 
pass through an opening of one square inch area under a mean pressure or head of 
six inches. In practice the water from the canal is conducted into a measuring 
box (see the accompanying map for a figure of this box) twelve or fourteen 
feet square, in the sides of which openings are made two inches in height, 
and extending across three of the sides. These openings are closed by slide 
valves when not in use. The sectional area through which the water flows deter- 
mines of course the volume by measurement. Thus twenty inches in length of 
slit by two inches in depth, under a head of six inches, is called forty inches miner’s 
measurement. A cubic foot (=749 U.S. gallons) equals 38 miner’s inches. 
The water discharged by one miner's inch in 24 hours is equal to 2,274 cubic feet, 
or for one working day of ten hours, 1,098 cubic feet. The average consumption of 
water on each miaing claim in active work is equal to three hundred miner's inches. 
This quantity of water flowing ten hours is equal to 329,400 cubic feet or 2,470,500 
United States gallons, a greater quantity than is required for the supply of the city 
of San Francisco with a population of over one hundred thousand people.—Black. 
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several thousand feet, some of the longer consuming from two 
to four or five years in driving, at a cost of from $10 to $60 per 
foot, varying with the character of the rock to be excavated. 
The end of the tunnel is designed to be from fifty to one hun- 
dred or more feet beneath the under surface of the gravel at a 
point where a shaft is sunk through the gravel and ‘ bed rock’ 
until it intersects the tunnel. It obviously demands careful en- 
gineering to carry out works of such magnitude with the accu- 
racy required, and for the want of sufficient care or skill in this 
particular, years of costly labor and anxious expectation were 
sometimes wasted in the early history of these enterprises. 

The object of this laborious exploration is obvious. The 
long tunnel becomes a sluice-way through the whole length of 
which ‘sluice boxes’ are laid, at once to direct the stream and 
save the gold. For this purpose a trough of strong planks is 

laced in the tunnel two at a half feet wide and with sides 
igh enough above the pavement to control the stream. The 
pavement is usually composed of blocks of wood six inches in 
thickness and as wide as the sluice, cut across the grain of the 
wood. These are placed about two inches apart at the ends 
and held in position by cleets of two inches square. In the 
interstices (‘rifles’) of two inches by four thus left, a small 
portion of quicksilver is placed, to aid in catching the gold 
which finds its way into these hollow spaces. 

The vertical shaft is intended to furnish a fall of sufficient 
height to break up the harder masses of conglomerate and 
cement as the gravelly stream is precipitated, dashing from side 
to side of the shaft, and finally with great force upon its rocky 
bottom. 

The water from the canal is brought by side flumes or aque- 
ducts to the head of the mining ground, with an elevation of 
one hundred to two hundred feet above the bed rock, and it is 
conveyed into the bottom of the mining claims by iron pipes 
sustained on a strong incline of timbers. These pipes are of 
sheet iron, of adequate strength, rivetted at the joints, and meas- 
ure from twelve to eighteen inches in diameter. These commu- 
nicate at the bottom with a strong prismatic box of cast iron, 
in the top and sides of which are openings for the adaptation of 
flexible pipes, made of a very strong fabric of canvass, termin- 
ating in nozzles of metal of two and a half to three inches in 
diameter. From these nozzles the streams are directed against 
the face of the gravel to be washed, with a force comparable to that 
of ordnance. The volume of water employed varies, of course, 
with the work to be done; but it is not uncommon to see four 
or five such streams, each conveying two hundred inches of 
water, acting simultaneously on the face of the same bank. 
One thousand miner’s inches are equal to twenty-six and a 
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third cubic feet of water, weighing 1632 pounds, constantly 
discharged against the face of the bank under a pressure of 
ninety to two hundred pounds to the square inch, varying with 
the height of the column. Under the continuous action of this 
enormous mechanical force, aided by the softening power of the 
water, large sections of the gravelly mass come crashing down 
with great violence. The debris, speedily dissolving and disap- 
pearing under the resistless force of the torrent of water, is hur- 
ried forward to the mouth of the shaft, down which it is precipi- 
tated with the whole volume of turbid water. Boulders of one 
hundred to two hundred pounds in weight are shot forward by 
this impetuous stream, accompanied by masses of the harder 
cement, which meet in the fall down the shaft and in the con- 
cussion of the great boulders, the crushing agencies required to 
disintegrate them. 

The heavy banks of 80 feet and upwards are usually worked 
in two benches. The upper half is never so rich as the lower, 
and being also much less firm is worked away with greater 
rapidity. The lower section is much the most compact, the 
stratum on the ‘bed rock’ being strongly cemented by sul- 
phuret of iron and great pressure, resists even the full force of 
the water stream until it has been loosened by gunpowder. For 
this purpose adits are driven in on the ‘bed rock’ forty or fifty 
feet from the face of the bank, and a tunnel extended at right 
angles therefrom to some distance each side of the adit. In 
this tunnel a large quantity of gunpowder is placed, from fifty 
to two hundred kegs, and fired as one blast by a train laid from 
without. In this manner, the compact conglomerate is broken 
up, and the water then rapidly completes the work. 

Sometimes the systein of tunnels on the bed rock is extended 
much as in a coal mine, by cross alleys leaving blocks, which 
are then washed away, when the whole mass settles and disin- 
tegrates easily under the influence of the water. 

The tunnels in the bed rock already described are made 
double, for the convenience of ‘cleaning up’ one of them while 
the other is in action. The process of cleaning up is performed 
every ten or twenty days, according to the size and richness of 
the work, and consists in removing the entire pavement of 
blocks from the bed of the sluice, and removing all the amal- 
gam of gold and ‘rich dirt’ collected in the ‘rifles,’ and re- 
placing the blocks in the same way as at first; advantage is 
taken of this occasion to reverse the position of the blocks when 
they are worn irregularly, and to substitute new ones for those 
which are worn through. The mechanical action of the washing 
process on the blocks is of course very rapid and severe, so as 
to command a complete renewal of them once in eight or ten 
weeks, Some miners prefer a pavement of egg-shaped stones 
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set like a cobble-stone pavement, the gold being deposited in 
the interstices. Most of the sluices are however paved with 
rectangular wooden blocks as described. 

Standing at the mouth of one of these long bed rock tunnels 
in full action, one unaccustomed to the process is filled with a 
sense of amazement amounting almost to terror, as the muddy 
mass sweeps with great velocity onward, bearing in its course 
great boulders which add to the roar of the water, the whole 
being precipitated down a series of falls, at each of which it 
is caught up again by new sluices of timber lined like the first 
one, and so onward and downward many hundreds of feet, until 
the level of the river is reached at the distance perhaps of half 
a mile or more from the mouth of the first tunnel. At each of 
these new falls of twenty-five or fifty feet, the process of com- 
minution begun in the first shaft is carried forward and a new 
portion of gold is obtained. 

Another ingenious device to secure the gold is by means 
of what are called under currents. At the end of the last 
sluice box, and beyond the mouth of the tunnel a grating 
of iron bars is arranged lengthwise in the bottom through which 
a portion of the water and finer material falls upon a series of 
more gently graded sluices of double the width of the main 
sluice. These sluices are placed at right angles to the other 
while the great body of the gravel with the large boulders go 
dashing forward over the fail, while the finer part thus di- 
verted is more gently brought in contact with a new set of 
mercurial rifles, from which it rejoins the main torrent; and the 
same process is repeated at each succeeding fall, until the river 
is reached. 

Rude as this method of saving the gold appears, experience 
shews that more gold is saved by it than by any other method 
of washing yet devised, while the economical advantages it offers 
are incomparably greater than any other. In fact, it would be 
entirely impossible to handle so vast a body of poor material in 
any other way now known. 

To show the enormous advantage gained by the present sys- 
tem of working, compared with those formerly in use, Mr. Black 
states that, taking a miner’s wages at four dollars per day, the 
cost of handling a cubie yard of auriferous gravel is as follows: 


With the pan, - - - - $20.00 
With the rocker, - - 5.00 
With the long tom, - - 1.00 
With the hydraulic process, - -~ - .20 


In fact, man has, in the hydraulic process, taken command of 
nature’s agencies, employing them for his own benefit, compell- 
ing her to surrender the treasure locked up in the auriferous 
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gravel by the use of the same forces which she employed in dis- 
tributing it! 

I have dwelt with the more fullness on this process, so famil- 
iar to all Californians, because | am persuaded that few who 
have not seen it in action have any adequate notion of its mag- 
nitude and importance. By no other means certainly does man 
more completely change the face of nature than by this method 
of hydraulic mining. Hills melt away and disappear under its 
influence, being distributed in the river beds below, every win- 
ter’s freshets carrying to lower and yet lower points portions of 
the detritus, while whole valleys are filled with clean-washed 
boulders of quartz and other rocks left behind in the general 
debacle. Meanwhile the Sacramento and its tributaries, and 
likewise the San Joaquim flow turbid with red mud, bars are 
formed where none existed before, and the hydrography of the 
bay of San Francisco is changing under the influence of the 
same causes. The desolation which remains after the ground 
washed by the miner is abandoned, is remediless and appalling. 
The rounded surface of the bed rock torn up with picks and 
strewn with great boulders shows here and there islands of 
gravel, rising in vertical cliffs with red and blue stains, serving 
to mark the ancient level and filling the spectator with amaze- 
ment at the changes, geological in their nature and extent, which 
the hand of man has wrought. 

But the auri sacra fames heeds no suggestion of the zsthetic; 
the gold is there, we have the means and the power to re- 
move it, why should we stay our hand! The process is but 
just commenced. It has required already twelve years to re- 
move, as we have seen, eight per cent of the mining ground, 
already recognized as such, in but a small portion of the area 
between the two forks of the Yuba. Not this generation, nor 
yet a fifth from this, will see the completion of the work, while 
each year will hereafter witness an increased production of gold 
up to the maximum possible with the water at command. The 
amount of gold sent into commerce from this very limited por- 
tion of the ancient auriferous gravel has for many years averaged 
over two millions of dollars annually. 

Water Supply.—It follows as an oa cousequence of what 
has been said of the Deep Placers, and of the hydraulic process of 
mining, that an adequate supply of water at a suitable elevation 
is essential for the extraction of the gold contained in the ancient 
auriferous gravel. The water shed between the two branches 
of the Yuba River now under consideration, includes not only 
the tributary streams which rise in the Sierras, such as Cajion 
Creek, Pass Creek, and others, but a great number of small and 
larger lakes, from a few acres to several miles in area which nes- 
tle among the hills. Of these the largest is the Truckee Lake; 
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and although the waters of this considerable reservoir are not 
now flowing in either of the canals under consideration, I am 
credibly informed, on high authority, that they are likely to do 
so ere long. Cafion Creek Lake (called on the map Eureka 
Lake) is the most considerable reservoir of the Eureka Lake 
Canal Co. I visited it in November, after the first fall of snow, 
but before the waters had commenced accumulating. In four 
or five weeks time after it was full. A substantial dam built of 
blocks of granite, raises its waters to a present average height of 
forty-two feet above its outlet, with natural abutments of granite 
capable of receiving twenty feet more «-. height. Its base is 
transversely at bottom one hundred and twenty feet, its height 
seventy feet, and from bank to bank its top measures two hun- 
dred and fifty feet. The water face is protected by a double 
covering of sawed planking, securely fastened, and in all five 
inches in thickness. The flow of water is regulated by a sluice- 
way of arched masonry. When full, the present capacity of this 
reservoir is estimated at 933,000,000 cubic feet of water. By an 
increase of twelve feet in the height of the dam, Mr. Black esti- 
mates the increased capacity of this reservoir to be 262,000,000 
of cubic feet of water, equal to twenty-five days supply of the 
canal with a constant stream, or in all about six months’ supply. 
But the canal receives its supply for four months, say from 
the middle of April to the middle of August, from the moun- 
tain streams, which afford a plentiful supply from the constant 
melting of the snows during this season; the snow accumu- 
lates in great quantities in the snowy Sierras during the winter 
months, the melting of which supplies not only the flow of the 
streams, but fills also to overflowing all the mountain lakes and 
artificial reservoirs, in which the waters are kept in reserve 
against the droughts of late summer and autumn. Rarely, as in 
the summer of 1863-4, does the snow-fall fail to meet the de- 
mands. During the year named, for the first time since the con- 
struction of the canals, the reservoirs were not half filled, but dur- 
ing the current year they were filled again by mid-winter. The 
rain-fall for 1863-4 was less than has been known in California 
since 1850-51. The snow in 1863-4 measured only four feet.* 


§ Mr. Black gives the following table, &e. 


Statement of the Rain-fall, as registered at Sacramento for fifteen years: 
Vear. Rain-fall in inches. Year. Rain-fall in inches. 


From this table it will be seen that the rain fall for 1863, '64, is only 7.87, whilst 
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1852-53 ... . | 6.097 
1853-54 85.549 
| 1854-55 570 
1856-57 | 8.6 4 
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Besides the main reservoir are other smaller lakes or reser- 
voirs, of which the —— one is Lake Faucherie, on the 
course of Cafion Creek, perhaps four miles below the main res- 
ervoir. A timber dam of thirty feet in height bas been con- 
structed across its outlet, forming a reservoir of about two 
hundred acres, giving a volume of 217,000,000 of cubic feet. 
Dams have also been erected across the outlets of several small 
lakes to the west and south of Lake Faucherie, from the outlet 
of one of which the main canal commences. 

The Eureka Canal is constructed partly in earth and partly 
as a wooden flume. The dimensions of the main flume are 
five feet nine inches in width; depth, three feet; fall, sixteen 
feet per mile. The discharge is ninety-six and forty-four-hun- 
dredths cubic feet per second, or 3,485 miners’ inches, som 
the depth of water at two feet nine inches. If the full dept 
of three feet were attained, the discharge would be one hundred 
and thirteen and thirty-three-hundredths cubic feet, or 4,806 
inches; but on account of the irregularity in the grade and the 
subsidences which have taken place, it is not practicable, at pres- 
ent, to fill it to its full capacity. 

Taking 3,485 inches as the supply, and deducting ten per cent 
for loss by leakage, evaporation, etc., will leave 3,037 inches, the 
supply which can be made available. The practical result, 
which is 3000 inches, agrees very closely with this; 3,037 inches 
of a constant discharge during a working day of ten hours is 
equal to 7,289 inches for twenty-four hours, which latter quan- 
tity, therefore, is the available capacity of the canal, irrespec- 
tive of the Miners’ and other confluent ditches. The discharge 
per second, being ninety-six and forty-four-hundredths cubic 
feet, equals eight and one-third millions of cubic feet for twenty- 
four hours. ‘The yearly complement is therefore 3,041,000,000 
cubic feet. 

The storage capacity for the supply of the Canal is thus stated: 


Cafion Creek Reservoir, .eeeeeee 933 millions cubic feet, 
vase 


the average fall for the last fifteen years has been 18°64. In the mountains, rain 
rarely falls after the month of September. It is then converted into snow through 
the coldness of the climate. In April it commences to thaw, and during the few 
following months all the water-courses and rivers have a plentiful supply of water. 
The rain-fall of the mountains (or the snow which falls there, when converted into 
water) is from fifty to seventy per cent more than the rain-fall of the valleys; 
(according to experiments which I made on the Middle Yuba in 1856-7, I found 
that seven feet of snow measured, after its fall, one foot of water; therefore, as an 
approximation, the fall of snow, divided by seven, is equal to the rain-fall.) 
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This amount divided by eight and one-third millions, the daily 
supply, equals one hundred and fifty days’, or five months’ stor- 
age supply. A partial deficiency exists during three months of 
the year, from the middle of January to the middle of April, 
during a part of which period, however, the demands for wash- 
ing are ata minimum. In ordinary years the reservoirs are not 
drawn from before the middle of August. In 1864, however, 
the draft commenced as early as July 1st, owing to the very 
exceptional dryness of that season. 

The main canal after leaving Cafion Creek takes a westerly 
direction, and follows the contour of the hills on the south side 
until it crosses Jackson Creek, a distance of about seven miles; 
thence taking a more northerly direction for two miles, it crosses 
a depression in the ridge, and keeping above Weaver's or Eu- 
reka Lake, follows the north slope of the ridge to Eureka, a dis- 
tance of about eleven miles; continuing in the same direction 
two miles further, it crosses a low depression by means of the 
Magenta and National aqueducts. From this it still follows the 
same slope of the ridge to Snow Tent, a distance of thirty-two 
niles from its commencement. At this point, being on the crest 
of the ridge, it discharges itself on the north side into Bloody 
Run, a tributary of the Middle Yuba, and on the south side into 
Bloomfield Creek, a tributary of the South Yuba, thus obtaining 
the complete command of the country from river to river. 

Among the wonders which strike a visitor on first seeing 
the mining regions of California, are the lofty aqueducts con- 
structed on trestle-work for the purpose of carrying the water 
across deep ravines. Often these structures are slight and in- 
secure, but the Magenta and National (or Washington) aque- 
ducts on the line of the Eureka Canal are remarkable exceptions 
to this. They are thus described by Mr. Black: 


“The Magenta and National aqueducts, which reflect great credit on 
the ability and skill of Mr. Faucherie, the engineer, are the finest works 
of the kind in California. During their construction, in 1859, I had fre- 
quent opportunities of inspecting them, as I was at that time engaged 
in carrying on the works of the Sierra Nevada Lake Water Canal, on 
the opposite side of the Yuba. The National Aqueduct is in length 
1,800 feet; its greatest height sixty-five feet. The Magenta Aqueduct is 
1,400 feet in length, and its greatest height one hundred and twenty-six 
feet. he size of the flume is seven feet by one foot and three inches; 
the inclination, or grade, one foot per hundred feet. The sides were 
made as low as practicable, so that the high winds which sweep across 
this gap might have little effect upon them. The posts of the trestles 
were all hewn from trees growing in the vicinity, no splicing existing in 
any part of them; they are whole from foundation to top. The sides of 
the flume, one foot three inches in depth, are formed of whole scantlings 
thirty feet in length and seven inches in width. The trestles are placed 
thirty feet apart from centers; they are well and securely braced. The 
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whole aqueduct was built in sections of thirty feet each ; each section, 
when completed, being raised on the spot where it was constructed, by 
which scaffolding was completely dispensed with. This work, to-day, is 
in good preservation, the foundations and superstructure being alike sound 
and substantial, and likely to last for many years.” 


The aggregate length of all the ditches in the Eureka Com- 
pany’s ownership is about two hundred miles. 

In the ownership of the San Juan Company the aggregate 
length is about half this quantity, twenty-six miles being in the 
main San Juan ditch. 

The safe capacity of discharge of the canals of both Com- 
panies, being a constant stream during 10 hours, is as follows: 


Miner’s inches. 
Eureka Lake Canal 
Miners’ Canal 
Other districts 


5,500 inches for 10 hours, equals for 24 hours 
20 per cent deficiency in supply, stoppages, and other causes, 2,620 
——- 10,580 
Say 10,000 inches per day. 


The laws of California are quite peculiar in respect to the 
rights of miners to the control of mining ground and of water. 
The miner has no ownership in fee, but an absolute control so 
long as he conforms to the mining laws of his district. Mining 
being the great business of the State, the rights of miners 
have been most carefully guarded, and are esteemed prior to 
all other Mesa rights of real estate. As respects the own- 


ership and control of water, the laws permit and protect usages 
unknown under the English common law, such as the per- 
manent diversion of water from its original channels for min- 
ing uses. The right of ‘locating’ streams for such purposes 
is fully recognized and established as against adverse interests, 
by numerous decisions of the highest Courts of law. An ab- 
stract of these mining laws may be found in Hittel’s Resources 
of California, page 354. 


— 4,000 

Middle Yuba Canal 1,500 
5,500 
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Art. IL—On the Ice in Kennebec River; by Rev. FREDERIC 
GARDINER. 


THE following observations were made upon the ice on the 
Kennebec river during the months of February and March, 1865. 
The location is in the town of Gardiner, at a point where the 
river is about 700 feet wide. The water is entirely fresh for 
many miles below, and the average ebb and flow of the tide 
here is five feet. The depth of water varies, according to the 
state of the tide and the particular locality, from 17 to 265 feet. 
In the course of the winter the ice is always observed to crowd 
ashore, crumpling up in ridges on the flats and near the edge of 
the channel. This process was already well advanced when, after 
various delays, these observations were begun, Feb. 6. A row 
of stakes was planted in the ice, by boring holes quite through 
to the water, at distances of about 100 feet apart, avoiding a 
very near approach to either shore. Their positions were deter- 
mined by observing the range of each with a near and a distant 
fixed object on the shore, by means of an instrument with a 
small telescope, and also by the angles subtended at each posi- 
tion by fixed objects on the opposite shores. After an interval 
of time, the instrument was placed in the same range, and the 
distance from it to the stake measured. ‘The stakes were soon 
broken off even with the ice by boys, and then a heavy snow 
fall vith the consequent sinking of the ice and formation of a 
separate sheet of ice above, with water between and slush above, 
made it impossible to recover the ends of the stakes until] March 
18th. The distance between the eastern and western stakes was 
500 feet. March 18, the easternmost stake was found to have 
moved to the eastward 122 inches. A stake 200 feet west of 
this had not sensibly changed its position. The western-most 
stake had moved to the westward 12 feet 2 in. There was thus a 
total expansion of the ice of 13 feet 22 in. in a breadth of 500 
feet, or 2°646 per cent nearly, in 40 days. Of course this motion 
is entirely independent of the action of gravity, and is possibly 
due to variations in the temperature of the air, that of the water 
having been nearly constant, as will be seen below. It is to be 
regretted that there are no data for determining the proportion 
of this motion in successive proportions of time—a defect which 
it is hoped the observations of another winter, and of observers 
in other localities, may supply. ‘The temperatures observed at 
my house, 120 feet above the river, during the time, are as fol- 
lows, in degrees Farenheit: Mean temperature, Feb. 6 to 28 
inclusive, 22°37°; mean of extreme heat of each day, 82°; mean 
of extreme cold, 12°74°; mean diurnal variation, 20°217°; ex- 
treme heat, 45°; extreme cold, -17°; extreme variation, 62° 
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March 1 to 18, inclusive-—Mean temperature, 33°13&°; mean of 
extreme heat, 41°33°; of extreme cold, 24°944°; mean diurnal 
variation, 15°44°; extreme heat, 50°; extreme cold, 7°; extreme 
variation, 43°. These temperatures, of course, are each that of 
the shade; they would be much increased by taking into con- 
sideration the influence of the sun to which the ice was exposed. 

When the ends of the stakes were recovered, they were float- 
ing in greatly enlarged holes. The stakes were pieces of pine 
turned, ? in. in diameter. They were placed in holes of 1} in. 
diameter, and frozen in firmly. When found, the holes varied 
from 14 to 64 in. diameter. This fact probably accounts for the 
anomalous temperatures given below, and must be due to the 
action of the sun’s rays in the substance of the ice absorbed by 
the wood of the stakes. It also illustrates the effect upon the 
ice of objects within its substance. The larger holes were in 
the middle and near the eastern side of the river; the smaller 
were toward the western shore, where a high bank cuts off the 
sun early in the afternoon. 

The subjoined temperatures of the water and ice were taken 
with thermometers enclosed in cylinders of pine of such size 
as to leave a minimum thickness of }in. of wood outside the 
bulb. The piece of wood covering the graduated side of the 
stem was confined only by an india rubber ring which could 
be slipped off in an instant. These thermometers were made 
by Green of New York, accurately graduated to 5° C., and 
easily read to ;'5°. The temperatures of the air and snow were 
observed with naked thermometers. The minimum time of ex- 
posure in each case was a half hour, and it was not found that 
a longer exposure produced any change, although an hour was 
repeatedly tried. ‘The thermometers were sunk perpendicularly 
in the ice, by boring holes with an augur a trifle larger than the 
thermometer cases, and, after inserting them, stopping the top 
of the hole with dry snow. The measurements, in all cases, are 
to the center of the bulb, which was about 1} in. long. The 
temperature of the water was always observed near the bottom 
of the river, and also immediately under the ice; but no differ- 
ence was observed except on Feb. 6, when the water near the 
bottom was 0°10, and just below the ice —0°05, the ice at the time 
wasting a little. Feb. 15, 0°10; Feb. 22, 0°15; March 11, 0°35; 
March 18, after a heavy rain, producing a freshet and filling the 
river with melted snow, 0°15. This freshet terminated the ob- 
servations upon the ice. 

At a point about the middle of the river and near the line of 
the stakes, varied, however, a few feet for each observation, the 
following observations were made: Feb. 6, mean temperature 
of air in shade, 0°; depth of snow on ice, 15 in.; thickness of 
“ snow ice,” 64 in.; of black ice, 6} in.; total, 13 in.—surface 


22 F. Gardiner on the ice in Kennebec river. 


of ice 3 in. below surface of water. Temperature of snow just 
below its surface, 0°; just above the ice, —3°45°; of ice at depth 
of 10 in., -1:95. Feb. 15, air in shade, —4:15; depth of snow, 6 
in. Below this was a sheet of ice generally 34 in. thick, then a 
layer of water 24 in., then about 12 in. of ice; in all, 18 in. 
The temperature of the ice was taken at a point where the two 
layers were frozen together. Snow near surface, —1°55°; just 
above ice, —0°75°; ice at depth of 2 in. 0°46°; at 14 in., 0°65°.’ 
Feb. 22, thickness of snow, ice, and water, about the same. 
Temperature of air in shade, —3°90°; of snow near its surface, 
6°; just above ice, 0°55°; of enclosed water, 0:05°. The layer 
of water prevented the examination of the ice below. March 
18, snow on the ice all gone; upper layer of ice, 4 in., but much 
disintegrated and in places wholly gone; enclosed water vary- 
ing from 2 to 5 in., and the entire thickness of the whole reduced 
to from 14 to 15 in. Temperature of enclosed water, 0°85° ; 
temperature of air in shade, 390°; in sun, 7°25°. At another 
point, where the draft of air under a bridge kept the surface 
nearly free from snow, but still fully exposed to the sun, the 
following observations were made: February 15—air in shade, 
-—4°70°; insun, 0°; thickness of “snow ice,” 3 in.; of black ice, 
19 in.: total, 22 in. Temperature of ice at depth of 2 in., —0°35°; 
at.10 in., —2°15°; at 18 in. -2°25°. Feb. 22,—air in shade, 
—2°25°; in sun, 950°; snow ice, 24in.; black ice, 21? in.: 
total, 244. Temperature of ice at 2 in., 2°15°;' at 10 in., 1:00°; 
at 18 in., 0°65°; at 22 in., 090°. The surface of ice in the sun 
was thawing freely. March 11,—air in shade, —2:20°; in sun, 
11°10°; surface of ice thawing in the sun. Thickness of black 
ice, (there being no snow ice), 224} in. Temperature, at 2 in., 
1:90°;’ at 10 in., 2°35°;' at 18 in., 1:25°. 

These observations show that the ice expands without reference 
to the temperature of the water, and that the temperature of the 
ice itself, for such thickness as above given, varies considerably, 
its changes having little reference to the water below. It also 
appears that the rays of the sun at these depths, (and probably 
the same would be true of much greater depths,) are absorbed 
largely by an enclosed object, even of a lightcolor. In the uni- 
form temperature of the water at various depths, there is evi- 
dence that the sudden disintegration of the ice, and its disap- 

arance, is not in this instance due to the action of the water. 

his occurs constantly on the large ponds in the neighborhood, 
but rarely on the river. It never takes place until the “snow 
ice” is entirely melted, and is believed to be due to the action 
of the sun. 

* Chips of the ice left in the hole were melted, and thermometer case some- 
what moistened. 

Gardiner, Maine, March 2, 1865, 
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Art. II1.—On the Origin and Formation of Prairies; by 
Leo LESQUEREUX. 


[Concluded from vol. xxxix, p. 327.] 


WE now come to the examination of the new theory of Prof. 
Winchell.’ A clear abstract is given by the author himself in 
the following words: 

1. The soil of the prairies is of lacustrine formation, as proved 
by its physical characters, and by the necessary effect of geo- 
logical changes of level which are generally admitted to have 
taken place. 

2. Lacustrine sediments enclose but few living germs. 

8. Diluvial deposits, on the contrary, are found everywhere re- 
plete with living germs. 

4. The living germs of the diluvial deposits were buried dur- 
ing the glacial epoch. . 

5. In proportion as the diluvial surface became exposed, the 
flora of the pre-glacial epoch was reproduced. 

6. The vegetation which finally appeared on the drained la- 
custrine area was extra-limital, and was more likely to be herba- 
ceous than arboreal. 

The above quoted conclusions are sustained with ability by 
various arguments, and merit, therefore, careful consideration. 

The first is, ‘‘ The soil of the prairies is of lacustrine formation,” 
etc.—As Prof. Winchell states, in the beginning, that his sys- 
tem is not intended to explain the formation of the low wet 
prairies, but only that of the high rolling prairies, and as, in re- 
marking on the extent of the ancient lakes, he says that its arms 
reached into Iowa, we may admit that the high rolling prairies 
of this State are considered by him as resulting from the same 
lacustrine action. We might go farther west, and follow the same 
formation over a surface continually rising to an elevation of 
5000 feet.* But it is not necessary for our present argument. 
In Iowa the knolls of the high prairies are 1,500 feet above the 
Ocean, and as Lake Michigan is only 600 feet above the sea, its 
waters, to reach the high prairies of lowa, should have been 900 
feet higher than they now are. How would this agree with the 
actual configuration of our country? Moreover, as the level 
of the high prairies of Southern Illinois is now at least 150 
feet lower than that of Lake Michigan, this part of the country, 
in the supposition of the author, should have been, at the time 
of the formation of the lowa prairies, under at least one thousand 
feet of water. With such an elevation of the lakes as supposed 

* This Journal, [2], xxxviii, 332. 

? Prof. Whitney in Geol. Report of lowa, p. 19; for this and some of the follow- 
ing measurements. Those for Ohio are taken from official surveys for canals. 
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above, all the highlands of Indiana and Ohio should have been 
also deep under water. For, the highest point of the Ohio 
canal, at Licking, being 890 feet above the sea, there is still about 
500 feet of difference between this point and the level of the 
Iowa prairies. The whole high country in Ohio and Indiana is 
nevertheless covered with forest. 

Nobody, indeed, can deny that the whole surface of the 
prairies, from the lowest to the highest point, has been recently 
(geologically considered) under water. But to reduce to a mere 
extension of Lake Michigan, or of the basin of our lakes, an 
epoch of submergence which has left its traces over the whole 
extent of our continent, is narrowing the phenomenon of a 
whole epoch to one of its merely local results. The deposits of 
this Champlain epoch follow the rivers of the valley of the 
Mississippi to their highest affluents and their sources.’ I have 
seen them overlie the Drift along the banks of the Big Waraju 
river, in the Indian, Territory, at an elevation of more than two 
hundred feet above the bed of the river. This epoch of subsi- 
dence has been followed by an epoch of slow upheaval and slow 
drainage whose action is recognizable in denudations, deepening 
of channels, moulding of terraces, along the lakes and the 
rivers, etc.,* and in the formation of prairies over immense, 
nearly horizontal plains, which were necessarily covered with 
vast sheets of water, lakes, and swamps. If the wider expanse 
of our lakes at former tinves is understood in that way, it is indeed 
undeniable. But, as we have already said, these lakes cannot be 
considered in the phenomenon as causative or primitive agents. 
And if it is so, all the deposits of that epoch belong to the same 
lacustrine formation, and as all these surface deposits which were 
not horizontal are generally wooded, and often densely so, we 
are already authorized to conclude that the so-called lacustrine 
formation has, by its nature, no direct relation to the prairies. 

Before passing to another of the statements of the author, I 
would like to ask if there is not a contradiction in asserting that 
there was “little difficulty in discovering the true origin of the 
so-called ‘ wet prairies’ so common in Ohio and Michigan, and 
now usually termed ‘ marshes,’ ‘swales,’ ‘bogs,’ and in proving 
that the humidity and sourness of the soil were the real causes 
of the absence of ordinary upland trees from their surface,”* and 
to say, in considering my opinion identified by the author with 
the former, that “it is so well known that there is no situation 
so wet but certain trees will flourish in it,” (referring here to the 
soil of swamps.) Is it not also a contradiction to acknowledge 
that the wet prairies, along the shores of our lakes, are caused 

* Dana: Manual of Geology, p. 547. 


* The Terrace epoch. Dana, ibid., p. 554. 
* This Journal, [2], xxxviii, 333. * This Journal, ibid., p. 348. 
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by humidity of the soil, and to assert that the high prairies, 
under lacustrine influence, owe their origin to quite another 
cause? Does the difference of time modify the action of lacus- 
trine influence ? 

2nd. Lacustrine sediments inclose but few living germs, says Prof. 
Winchell, and, on the contrary, 3d. Diluvial deposits are found 
everywhere replete with living germs. 

Nothing is known of the length of time for which the germs 
of seeds can be preserved in water. Salt water and fresh water 
appear to have about the same destructive action on seeds. 
Though a number of fruits and seeds are brought by currents 
from the shores of America to those of Scotia oat Norway, these 
seeds do not, or only very rarely, germinate, even under careful 
cultivation.’ The marine cocoa-nut (Lodoicea Seychellarum Lab.) 
has been carried for ages by currents from thé Praslin Islands to 
the Maldive, and, nevertheless, it has not been naturalized on 
these last islands, although similar to the former in climate.’ In 
fresh water, the only instance known of seeds preserved for a 
length of time is that quoted by Dureau de la Malle, who says,’ 
that seeds of White Birch, (Betula alba, L.), preserved their ger- 
minative power after twenty years of immersion. Nothing, or 
very little, is known, either, of the duration of vitality in differ- 
ent kinds of seeds, under various circumstances. Even for the 
same species, this duration depends on their degree of maturity, 
and on the substance in which they have been deposited. When 
inclosed in a persectly dry, unalterable matter, in carbon, for ex- 
ample, and sheltered against any kind of atmospheric action, the 
life of seeds may be, apparently, preserved for a long but not 
for an indefinite period of time. Isolated and apparently mar- 
velous facts, tending to prove the preservation of the vegetative 
pee of some seeds for centuries, have been quoted by authors, 

ut these peculiar cases have not been carefully enough investi- 
gated .to be considered as conclusive for science; or, after inves- 
tigation, have been found to be mere fabrications, published for 
mercenary purposes. Three cases of this kind are quoted by 
Prof. Winchell in support of his 4th assertion. One regards the 
seeds of raspberries taken from the stomach of a skeleton, found 
30 feet below the surface of the earth. With the body were 
found “some coins of the Emperor Hadrian, from which we are 
justified in assuming that these seeds had retained their vitalit 
for 1600 to 1700 years.” I will say nothing of that stomac 
preserved for 1700 years, though, supposing that the story was 
true, it would indicate a concurrence of peculiar circumstances, 
so remarkably favorable to the preservation of organic sub- 
stances, that we should consider the case of the preserved vital- 


* Alph. De Candolle Geogr. Bot., p.616. Hooker's Bot. Mag., t. 2734. 
* Annales des Sciences Nat., v, 373. 
Am. Jour. Sci.—Seconpb Series, Vou. XL, No. 118.—Juty, 1865, 
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ity of the raspberry seeds, as quite an exceptional one. But on 
this subject, Prof. Ad. DeCandolle, who mentions the same fact, 
and who has studied more closely than any other botanist this 
interesting question of the preservation of seeds, says: “Prof. 
Lindley has quoted a species of Rosaceze (raspberry) whose seeds 
were found in a human skeleton, which was believed to be some 
centuries old; but after verification of the fact, the seeds proved 
to be more recent.” DeCandolle says nothing of that bulbous 
root found in the hands of a mummy and which produced a 
beautiful dahlia, rightly passing the fact, as one of those apocry- 

hal stories with which science had better not be encumbered. 

ot that the statement of Prof. Lindley is to be doubted; but 
that this celebrated botanist, too prone to believe stories in con- 
firmation of his opinion, may have been misled by false accounts. 
We know of old that the merchants of Egyptian mummies are 
not more conscientious in the preparation of their goods for mar- 
ket, than the manufacturers of Italian or of Syrian antiquities. 
Manuscripts, seeds, rings, every kind of remarkable utensils and 
bodies, have been wrapped with the old bones of Egyptian mum- 
mies, to raise their price. This explains also the third case of 
long preservation of seeds of wheat from the pyramids, quoted 
by Prof. Winchell. I have myself cultivated green peas, duly 
certified as directly coming from the same source and bought at 
a high price; and learned to my cost that the most common of 
our varieties of this vegetable was already cultivated at the time 
of the Pharaohs. 

But even accrediting to the seeds a vitality of infinite dura- 
tion, whenever they are imbedded under favorable conditions, 
wrapped in a hard and perfectly dry body, sheltered against 
any kind of atmospheric influence, we must inquire if the diurnal 
or drift deposits may have afforded to them these conditions of 
preservation. 

Two theories only are admissible for explaining the transpor- 
tation of the drift materials: 1st, Water and floating Icebergs, 
2d, Glaciers. In the first case the transport of seeds would have 
been made in water, and their vitality destroyed, as it has been 
remarked already. Admitting, with Prof. Winchell, the trans- 
portation by glaciers, we are called to suppose or believe that 
seeds of all the species of trees now living on the north part of 
our continent, have been at first buried and then carried in the 
drift, as in a kind of Noah’s ark, especially provided for the 
preservation of vegetables. But the transportation of the ma- 
terials carried by glaciers is only partly done upon their sur- 
face, and does not proceed in a way very favorable to the pres- 
ervation of seeds. In their forward advance, this surface of the 
glaciers is continually broken into innumerable fissures of vari- 


* Alph. de Candolle Geogr. Bot., p, 541. 
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ous size, often broad crevasses of great depth, where heaps of 
transported materials are constantly engulfed, to be, by the 
movement of the ice, crushed, ground up, and, by and by, 
thrown back to the surface to be swallowed again. Hence, all 
the materials transported by glaciers bear the marks of long 
grinding. The soft stones have been reduced to sand or to 
mud, the hard ones are rounded into pebbles, and the few which 
have casually escaped burial have still their angular corners 
smoothed away, of course. And though the movement is slow, 
the materials carried on the back of the glaciers (moraines) are 
continually mixing and in a confused mass, and thus, though 
their thickness may be great, they are at repeated times ex- 
posed to atmospheric action. How then could it be supposed 
that mere seeds, especially large ones, like acorns, nuts, beech 
nuts, ete., could have resisted the crushing action of ice, when 
hard stones have been ground into sand and mud. For, accord- 
ing to the theory, the seeds ought to have been preserved within 
the transported materials, as it is positively stated that diluvial 
materials are full of seeds. 

Prof. Winchell says, “The general effect of the events which 
ushered in and novia the progress of the reign of ice was to 
destroy the vegetation flourishing over all the northern portion 
of the continent, and mingle its forms with cubic miles of debris 
detached from the under-lying rocks,” ete. What has become 
of these forms of vegetation, remains of vast destroyed forests 
which have produced those seeds with which the diluvial is replete? 
Are trunks and branches of trees more difficult to preserve than 
seeds? Who has found those trunks and limbs of trees buried 50 
and 100 feet in this diluvial rubbish?” Although the drift has 
been cut by canals, railroads, etc., over its vast extent, I do not 
know that any large deposits of vegetable remains have been 
found in it. There is, near Cleveland, Ohio, a bed of vegetable 
matter, a compound of leaves and branches of nearly carbonized 
Conifers heaped in patches, within sandy clay, and which do 
not appear to have been transported from the place where the 
plants grew. They look like the scattered remains of an in- 
cipient peat-bog. Here, at Columbus, a few pieces of wood have 
been dug out, at a depth of twenty feet, from a kind of drifted 
clay not far from the banks of the Scioto river. They may or 
may not belong to the Drift; in any case they were, when taken 
out, as soft as clay and decayed throughout. These are the only 
Drift deposits of vegetable remains which have come under my 
examination. 

And if the diluvial deposits are replete with living germs, 
how is it that wherever these deposits are deeply cut, and their 
inmost recesses exposed to view, we do not see this new ground 


4 This Journal, |. c., p. 334. 
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invaded at once by a peculiar kind of vegetation, especially by 
trees? Along the Ohio canals, the exposed Drift remains abso- 
lutely sterile in the first years after its denudation. By and by, 
some seeds of the plants growing in the neighborhood, those of 
the Mullen especially, invade this new soil, and become for a time 
its predominant vegetation. Afterward, a few shrubs, also the 
most common in the vicinity, appear on it; and it is only long 
years after, and when the surface of the original ground is 
already covered by a coat of vegetable mould, that a few trees, 
the Black Locust, the Elm, etc., are seen here and there growing 
up among the bushes. 

Prof. Winchell again says: “4th, Zhe living germs of the dilu- 
vial deposits were buried during the glacial epoch ;” and, “dth, In 
proportion as the diluvial surface became exposed, the flora of the 
pre-glacial epoch was reproduced. 

The author supposes that the vegetation which characterized 
the close of the Tertiary period was probably nearly identical 
with that existing at the present day under the same climatic 
conditions.” The climate of the Tertiary period at our latitude 
was evidently warmer than it is now, and, in the supposition of 
the author, we must expect of course to find the seeds of northern 
species, brought with the Diluvium and established with us, tak- 
ing the place of those destroyed by the influence of the glacial 
period. Considering only the general character of the flora of 
the Tertiary at different latitudes, it agrees well enough with this 
idea, and we may give here some details which tend to strengthen 
the hypothesis, more, perhaps, than any reason advanced by the 
author himself. 

The Tertiary flora of Iceland, at least what is known of it, 
is more closely related to our present flora than that of the Ter- 
tiary of the Mississippi. Among twenty-seven species of Phe- 
nogamous plants,” it has eight Conifers, one of which, the most 
common, is an Araucaria; two Pines, one of them related to 
Pinus serotina Michx. ef ours; five Firs, one also related to our 
Abies balsamea Marsh. or Alxes Fraseri Pursh. Among the 
Monocotyledonous plants, this flora of Ieeland has a Sparganium, 
a species of the Nazadacew and the seeds of a sedge; and among 
the Dicotyledonous it has three species of Birch, one of which 
is related to our Betula excelsa Ait; one Alder, one Willow, one 
Hazelnut, one Oak, whose nervation resembles that of our Quer- 
cus montana Willd.; one Buttonwood (Platanus), one Dombey- 
opsis, a genus of the Linden famil;, represented only by broken, 
scarcely determinable leaves; one Maple, apparently the most 
predominant species in that Tertiary flora of Iceland, and re- 
markable by its large leaves and large fruits; one Grape, rela- 
ted to Vitis vulpina L. of ours; one Tulip tree, one Buckthorn, 


* This Journal, 1. c., p. 337. 42 Q. Heer: Flora Tert. Helvet., iii, 117. 
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one Sumach, and one Walnut. If we consider the genera only, 
it is evident that this flora has the greatest analogy with ours; 
and if we could account for the transportation of seeds, it would 
perhaps seem reasonable to suppose that the change of character 
of our vegetation, since the Tertiary period, might be explained 
by Prof. Winchell’s theory. Before conceding the value of this 
supposition, however, we must look further to what we know 
of the characters of the vegetation in our recent geological ages. 
The materials collected till now from the flora of Iceland as well 
as from our own are not sufficient to form a solid basis for argu- 
ment, but we must use them as they are. 

In the lower Miocene (may be the Eocene?) of the State of 
Mississippi, the most abundant remains of fossil plants belong to 
a — of Calamopsis, an extinct genus of Palms. With this, 
and in about the same abundance, there are leaves of a Saéal 
resembling our Palmetto, and of Fig and Cinnamon trees. At 
a higher stage, in the red shales, which I consider as true Mio- 
cene, we find still some leaves of Fig, Cinnamon, and Sabal, with 
already those of Oak, Maple, Hickory, Laurel, Olive, Magnolia 
and even Beech, whose species are related to, but not identical 
with, species of our time. Higher still, in the chalk banks of 
Columbus, Kentucky, we have leaves and fruits, whose relation 
is still nearer to our present species. Some of them so much so, 
that I have considered them as identical with ours." Passing 
higher up in the formations, we have, along the banks of the 
lower Ohio river, thick strata of a compound of leaves and fruits. 
mixed with alluvial clay and formed in terraces. All the species 
of this formation are of our time and of our latitude. 

In the difference of forms between the plants of the lower 
Tertiary and those of our epoch, we recognize a constant modi- 
fication of specific characters, but one so uniform and so slow in 
its progress that we cannot consider it as resulting from an 

reat geological cataclysm. These changes are nevertheless evi- 
Gent; as evident after the glacial epoch as at the different stages 
of the Tertiary, but no more marked. Therefore, I do not see 
that we can ascribe the last change to a peculiar glacial agency, 
especially when, to sustain the hypothesis, we should have now, 
in our arborescent vegetation, exactly the same species as those 
of the Northern Tertiary. This is certainly not the case. For 
out of the twenty-seven species of the Tertiary of Iceland, no 
one is perfectly identical with ours; four only are related to 
species of our time, and the most remarkable and prominent, 
Araucaria and Acer otopterix Gp., that maple noted for its very 
large fruits, are types of which no trace appears, in our actual 
vegetation. 

* This Journal, [2], xxvii, 364. Specimens of these fossil plants were sent to 


Prof. Heer, who denied the identity of some of them with species of our time, and 
doubted that of others. 
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Prof. Winchell’s next statement is, “6th, The vegetation which 
finally appeared on the drained lacustrine area was extra-limital, 
and was more likeiy to be herbaceous than arboreal. 

What is an extra-limital vegetation? Prof. Winchell sup- 
poses that after the Drift epoch the whole continent passed under 
the action of the ocean’s surges. That the highest points of the 
drift emerging from this general flood were immediately covered 
with forests, from the seeds preserved in it. That, at the time 
when this portion of the emerged continent “ was again clothed 
with those forms of verdure which had adorned it at the close 
of the Tertiary period,” “the retreating waters paused to brood 
over the wide region destined to become the garden of the West; 
perpetual dilution converted them into a vast inland sea of fresh 
water, upon whose bottom gathered the lifeless sediments that 
were to be the soil of the prairies.” 

A few simple measurements have already contradicted the es- 
sential idea in this paragraph. We have quoted it only to show 
that by extra-limital species, the author understands apparently 
species which either did not belong to the Tertiary, or, did not 
inhabit the forests bordering the lacustrine prairies, and were 
brought from somewhere far away. For the vegetation of the 
prairies is of a type quite different from that of the forests, and 
cannot have originated from it. How, then, can we account for 
this extra-limital origin of species and the transportation of seeds 
across the forests surrounding the lacustrine deposits? Can we 
suppose that, for hundreds of centuries, the seeds of trees never 
progressed by dispersion, never trespassed upon that limit 
marked by the borders of ancient lakes, though the soil was well 
adapted for. their germination and their growth ;* and that the 
lacustrine soil was invaded by herbaceous plants brought from 
far away across the forests, we know not whence? It is not neces- 
sary to attempt to refute such a supposition. Are the seeds of 
Maple, Box-Elder, Linden, Hornbeam, Ironwood, Birch, Alder, 
Willow, Cottonwood, ete., which are either winged or surrounded 
with down or with hairs to facilitate their dispersion, more diffi- 
cult to transport by natural known agencies, such as winds, cur- 
rents, etc., than those of Pentalostemon, Astragalus, Baptisia, 
and other Leguminosz so common on the prairies? The vege- 
tation of the prairies has the same general character as that of 
the swamps and marsh lands. In both there is especially an 
abundance of large, coarse Composit, “plants which continu- 
ally pump water by their roots from the soil and send it through 
their leaves into the atmosphere as vapors.””* These and most 
of the other species of the prairies have generally deep-creeping 
or tap conical and tuberous roots, penetrating the sql and thus 


*® According to Prof. Winchell’s opinion. This Journal, [2], xxxviii, 844, 
** De Candolle Physiol. Veget., p. 1210. 
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escaping destruction by conflagration.” And with these, there 
are the sedges, and the hard grasses, like the Andropogons, which 
seek a siliceous soil, and whose tissue is so hardened by silica that 
their culms are not even consumed by the autumnal fires. These, 
and indeed many of the species of the high prairies of the Mis- 
sissippi, are found in our swamps along the canals of Ohio. 

A simple remark on the whole theory will close this examin- 
ation, already too long. An hypothesis, or a theory, to be ac- 
ceptable to the mind, should account for all the appearances of 
the phenomenon which it proposes to explain; and its explana- 
tions should be sustained by what we know of natural laws still 
in activity, and by action so evident that its effects cannot be 
denied. Neither of these conditions is fulfilled, I think, by the 
new theory. It takes into consideration a very small part of the 
whole system of prairies, explaining neither the low lacustrine 
nor the fluvial prairies, neither those of the sea nor those of the 
mountains, ete. And it refuses to acknowledge an evident opera- 
tion constantly at work under our eyes, the result of a simple 
law of nature. 


Art. IV.—Preliminary notice of a small collection of Fossils found 
by Dr. Hays, on the west shore of Kennedy Channel, at the highest 
northern localities ever explored ; by F. B. MEEK. 


Some time after Dr. Hays’ return from his Arctic expedition, 
he sent on to the Smithsonian Institution several boxes of min- 
eral and rock specimens collected by him while in the north, to 
be examined by Prof. Thomas Egleston. On opening these, 
Prof. Egleston noticed, amongst other specimens, a mass of 
gray limestone containing a few fossils, to which he called the 
attention of the writer. Finding these to be of much interest, 
considering the distant northern locality from which they were 
obtained, the other specimens were then carefully examined, and 
fragments of a few other fossils found amongst them. When 
Dr. Hays subsequently visited Washington, he stated that the 
best specimens of fossils collected by him were then in the pos- 
session of a friend at Philadelphia, and that those we had seen 
were merely fragments that had been packed up with the rock 
specimens, At the request of Dr. Hays, the writer agreed to 
examine and report upon these fossils, so soon as the other speci- 
mens could be sent on from Philadelphia. After the lapse of five 
or six months, however, without their arrival, inquiries were 


17 Fire extends sometimes its ravages beyond the natural limits of the prairies 
and destroys the forests of the borders, where the trees are not only scattered but 
of feeble growth. It is only on this intermediate ground that the contest of pro- 
gression and receding of the forest is in constant activity. 
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made in regard to them, when it was ascertained from Dr. Hays 
that his friend, with whom he had left the specimens, had sent 
them on some time previous. Unfortunately, however, up. to 
this time they have not been received, and, as it is quite probable 
they may never be recovered, it has been thought desirable in 
the interests of science, as well as in justice to the intrepid Arc- 
tic explorer, Dr. Hays, that such conclusions as can be deduced 
from the meager collection of imperfect fossils found amongst 
the rock specimens collected by bim, should be placed on record. 

Before expressing an opinion, however, in regard to the age 
of the rock from which these specimens were obtained, the fol- 
lowing list of them, with brief descriptions of some of those 
believed to be new to science, are given :' 


1. Zapurentis Haysu, Meek. 

Corallum obconical, distinctly curved, rapidly expanding from a pointed 
base; length, about two inches; breadth, near the summit, 1°40 inches ; 
sometimes showing, on the convex side, two broad, distant, shallow, lon- 
gitudinal furrows, extending the whole length, so as to give that side a 
trilobate appearance. Epitheca, thick, and, where not worn, concealing the 
septa within; surface showing small wrinkles of growth, which are most 
distinct near the summit. Calice, apparently rather deep, (filled with 
stony matter in all the specimens examined); principal radial septa about 
sixty, rather stout and rigid, as seen around the margins of the calice, 
where about ten of them may be counted in a space of half an inch; 
alternating with these there is a shorter and weaker secondary series. 

The trilobate appearance of the outer or convex side in the type of this 
species, together with its small wrinkles of growth, give it much the as- 
pect of some of the merely arched species of Platyceras, for which it 
might be mistaken, when the calice is filled with stony matter. As some 
of the other specimens, however, apparently not differing in other respects, 
do not present this trilobate appearance, it may not be constant. 

The specific name of this coral is given in honor of Dr. Hays, its 
discoverer. 

Locality, Cape Frazier. Between lat. 80° and 81° N,, long. 70° W. 

2. Syrincopora, (sp. undt.) 

A mere fragment. ‘The tubes are crowded so as to be nearly always 
Jess than their own breadth apart, and sometimes nearly in contact. They 
are uniformly 0°10 inch in diameter, and apparently nearly straight and 
parallel, while the connecting tubes are small. 

Locality, Leidy. Between lat. 80° and 81°, long. 70° W. 

3. Favositzs, (sp. wndt.) 

A small flat fragment showing regular hexagonal calices 0°10 inch in 
diameter. Tabule apparently thin and closely arranged; mural pores 
consisting (as seen on one wall only) of four or five alternating series, 

Locality, same as last. 

? It is the intention of the writer, when more at leisure, to prepare drawings and 
fuller descriptions of these fossils, as well as of the others now lost, should they be 
recovered, for publication in a work Dr. Hays has in progress on the results of his 
expedition. 
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4, SrropHoMeNA rHOMBOIDALIS, Wahlb. (=Leptaena depressa of 
authors). Presenting its usual characters. 


5. SrropHoponta Heapteyana, Hall? 

The specimen of this shell consists of about the half of a ventral valve, 
embedded in the matrix so as to show the inner side with its coarse irreg- 
ular striate, subcordate visceral cavity, and granulose surface. So far as 
can be determined from this, it agrees well with the New York species. 

Locality, same as last. 


7. Srropuoponta Becxu, Hall ? 

The specimen referred with doubt to the above species, is imperfect, 
but presents the same general outline, and flatness, as well as the charac- 
teristic small curving concentric wrinkles, fine striz, and even traces of 
the flabelliform visceral scar, of the New York shell. 

Locality, same as last. 


8. RuyncHone.ta, (sp. undet.) 

A single specimen of a ventral valve partly embedded in the matrix. — 
Breadth, 0°42 inch ; length, 0°36 inch. Mesial sinus broad and shallow ; 
surface with only twenty small radiating cost, five of which occupy the 
mesial sinus. 

Locality, same as last. 


9. Caztospira concava, Hall. 

Several specimens, showing both sides, agree well with the New York 
species, 

Locality, same as foregoing. 

10. Sprrirer, (sp. undet.) 

Specimens, partly embedded, closely resemble S. perlamellosus, Hall, 
of New York Catskill Shaly limestone. 

Locality, same as last. 


11. Loxonema? Kanet, Meek. 

An internal cast, from which it is not possible to determine, beyond 
doubt, whether it is a Loronema, or a Murchisonia, Length, about 2°07 
inches; breadth, 0°75; apical angle, 20°. Form conoid-subfusiform ; 
consisting of about six convex whorls, separated by a distinct suture. 
Aperture subovate ; last turn comparatively rather large; surface un- 
known. 

Named in honor of Dr. Kane, the Arctic explorer. 

Locality, Cape Frazier; between lat. 80° and 81°, long. 70° W. 


12, Ortnoceras (undetermined), 

The specimen is too imperfect for identification with any known s 
cies, or be characterized as new. It is incomplete at both extremities, 
and partly embedded in a mass of limestone. Entire length of the frag- 
ment, 2 inches; section circular, at the larger end, 0°43 inch in diameter ; 
at smaller end, 0°15 inch. Septate throughout; septa numbering five 
in the space of 0°27 inch at larger end. Siphon and surface unknown. 

Locality, same as last. 

13. ILtanus, (sp. undet.) 

Fragments of the glabella, and a movable cheek, apparently of a 
species of this genus. 

Am, Jour. Sc1.—Seconp Serizs, Vou. XL, No. 118.—Ju.y, 1865, 
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From the foregoing list, it is believed that geologists will agree, 
that the rocks at this highest northern locality at which fossils 
have ever been collected, belong to the Upper Silurian era. 
The most remarkable fact, however, is, that they are nearly all 
very closely allied to, and some of them apparently in all respects 
undistinguishable from, species found in the Catskill Shaly lime- 
stone of the New York Lower Helderberg Group. Indeed, these 
shells resemble so closely Shaly limestone forms, that we could 
scarcely dismiss the impression that the mass of limestone in 
which they are imbedded might be a New York specimen that 
had in some way been accidentally mixed with those from the 
north after Dr. Hays’s return, until assured by him that he dis- 
tinctly remembered collecting it at the Arctic locality. 

We are aware that great caution is necessary in pronouncing 
upon the identity of fossils found at localities separated by forty 
degrees of latitude, without a good series of specimens for com- 

arison; but, whether or not the absolute specific identity of 
any of these Arctic shells with New York species be admitted, 
in their unquestionably close affinities to the New York forms 
alluded to, they certainly present another striking evidence of 
the apparent wonderful uniformity of climatic and other physical 
conditions during these early periods of our earth’s history, over 
the whole globe. 


Art. V.—On the Replacement of one Alcoholic Radical by another 
in compounds of the Ether Class; by C. FRIEDEL and J. M. 
CraFTs. 


WHILE engaged in the study of the ethers of silicic acid, we 
noticed that the normal silicate of ethyl,’ ra H,) O,, when 
it was heated with amylic alcohol, underwent a decomposition 
similar to that which would have been effected by an alkaline 
base; ethylic alcohol was set free, and ethers containing the radi- 
cal amyl were formed; we also observed a decomposition, at the 
temperature of its boiling point, of a mixed silicate of ethyl 


Si 
and amyl, (C,H,),}0O,, with formation of silicate of ethyl 


and silicate of amyl, as well as of the mixed ethers intermediate 
to these two. We considered it of interest to determine the 
conditions under which reactions of this nature take place, es- 
pecially as they have much analogy with those which most often 
occur in inorganic chemistry, namely, the action of a base upon 


? The atomic weights used in this paper are H=1,O=16, C=12, Si=28. 
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a salt, and in general the replacement of one element by another, 
and there was reason to hope that the study of the reactions in 
which these organic radicals were concerned might throw some 
light upon those in which their types, the inorganic elements, 
play & part. 

n the present research we have confined ourselves to the 
study of a few compounds, which may be taken as representa- 
tives of others which are analogous, and have endeavored to 
solve by experiment the following problems. 

1. Is the replacement of the alcoholic radicals by each other 
one that takes place readily in all the combinations into which 
they enter; or is it peculiar to their combinations with acids? 

2. Is one alcoholic radical to be considered as playing the 
part of a stronger base than another, and as displacing it from 
its combination by virtue of a stronger affinity for the body with 
which it was combined? Or, on the contrary, is the change of 
composition, produced by heating a mixture of compounds of 
several radicals, due to the tendency of each one to enter into 
all the combinations possible to it? 

In order to answer the first question, we have examined—lLst, 
the action of alcohols on the ethers of various acids; 2d, the 
action of these ethers on each other: and 3d, the action on each 
other of the ethers, properly so called. The second question 
has been, at least partially, answered by conducting two series 
of experiments, in which the conditions of the reaction have 
been reversed; as for example, first by the study of the action 
of amylic alcohol on the acetate of ethyl, and then that of 
ethylic alcohol on the acetate of amyl. Great care has been 
taken to ascertain the purity of the preparations employed, and 
particularly that the alcohols were anhydrous.’ 

Action of amylic alcohol on acetate of ethyl A mixture of equal 
parts, by weight, of the two bodies was sealed in a stout glass 
tube. by means of the blowpipe lamp, and heated during forty- 
eight hours at 240°-260° C. Common alcohol was set free, and 
could easily be isolated and recognized in the portion of the 
contents of the tube which distilled at the lowest temperature. 
The portion which distilled last contained acetate of amyl, to- 
gether with the excess of amylic alcohol employed. To sepa- 
rate the two, advantage was taken of the property of amylic 
alcohol to unite readily with an excess of sulphuric acid to form 
amyl-sulphuric acid soluble in water, while acetate of amyl is 
dissolved, undecomposed by the acid, and is precipitated by di- 
luting the solution with water. [If care is taken not to allow 
the temperature of a mixture of amylic alcohol, with several 

2 The best and most economical method of obtaining an anhydrous alcohol is, 
‘after previous rectification over quick lime, to distil it with a quantity of sodium 
sufficient to destroy the small amount of water still retained by it. The excess of 


sodium employed forms an alcoholate of sodium, which is not decomposed at the 
point of ebullition of the alcohol. 


36 C. Friedel and J. M. Crafts 


times its weight of concentrated sulphuric acid, to rise above 
60°-70° C., the product is entirely soluble in water. At a 
higher temperature insoluble products, sulphate of amyl and 
amylic ether, are formed.] The portion, therefore, of the con- 
tents of the tube; whose boiling point was above 125° C., was 
treated with sulphuric acid, and the acetate of amyl, precipitated 
by the addition of water, was again treated with sulphuric acid, 
and again precipitated by water. This operation was repeated 
three times. In this way acetate of amyl was obtained, distill- 
ing 136°-138°, which contained: 


Theory. 
C= 671 - 64:62 
H = 1008 - - - 10°77 


The quantity of acetate of amyl formed was considerable, but 
still a certain portion of the acetate of ethyl remained unchanged, 
although amylic alcohol had been employed in excess. 

Action of common alcohol on acetate of amyl.'—Equal parts of 
each were heated forty hours at 240°C. The liquid which dis- 
tilled at 75°-90° C., was washed eight times with a saturated 
solution of common salt, to free it from alcohol, and dried over 
chlorid of calcium. After being thus purified, it distilled at 
74°-76° C., and had all the properties of acetate of ethyl. An 
analysis gave: 


Theory. 
C = 5361 - - 54°54 
H = 9650 - : - 9:09 


Thus acetate of ethyl was formed in the same way from a mix- 
ture of acetate of amyl and common alcohol, that acetate of 
amyl was from a mixture of acetate of ethyl and amylic alcohol. 

Action of amylic alcohol on benzoate of ethyl—Equal parts of 
each, heated sixty hours at 210°-240° C., gave a small quantity 
of an ether, distilling at 251°-253°, which answered in all its 
properties to benzoate of amyl. It contained: 


Theory. 
C = 74:47 75°00 
H= #825 - - 833 


We conclude from this and another experiment, which was 


* The acetate of amyl, obtained at different times, always distilled at 186°-138° 
C. The boiling point, given in Gerhardt, about 125°, and that determined by 
Kopp, 153°, differ so much from that observed by us that we thought it necessary 
to analyze the product used in these experiments. A portion, prepared by treating 
one part amylic alcohol with one part crystallized acetic acid and two parts con- 
centrated sulphuric acid, at a temperature below 70° C., after having been thor- 
oughly washed with water, distilled at 127°-138°, and contained: 


Theory. 
C = 6481 - 64°62 
H = 1106 - - - - 10°77 
The amylic alcohol used in the preparation distilled at 180°-181°, and contained: 
Theory. 
= 1351 - - - - 13°64 


H 
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made at a somewhat lower temperature, and where only traces 
of benzoate of amyl were produced, that the benzoate of ethyl 
is decomposed by an alcohol with more difficulty than the acetic 
ethers. It will be remembered that this body is also less easily 
decomposed by water and alkaline bases than they; the reac- 
tion, however, takes place, and the extent of the decomposition 
effected is without doubt only a question of time and temperature. 

We next studied the action of an alcohol on the ether of a 
bibasic acid, a reaction which is capable, evidently, of giving 
rise to a greater number of products than those which were 
formed in the preceding cases; for, by the successive replace- 
ment, by another radical,‘of each equivalent of the alcoholic 
radical combined with the acid, first a mixed ether, and then an 
ether containing two equivalents of the other radical would be 
formed. Oxalic ether, which is easily decomposed by water and 
alkalies, is well adapted to the study of this reaction. 

Action of amylic alcohol on oxalate of ethyl—One part amylic 
alcohol and two parts oxalic ether were heated thirty-six hours 
at 220°-250° C. On opening the tube, carbonic acid and car- 
bonic oxyd, unmixed with any hydrocarbon, were given off, 
and ordinary ether was found in the most volatile part of the 
liquid; thus a small part of the oxalate of ethyl had been de- 
composed by heat into carbonic acid, carbonic oxyd and ether; 
but the contents of the tube were not acid, and this decomposi- 
tion could have had no influence on the reaction we were study- 
ing. After the liquid, taken from the tube, had undergone sev- 
eral fractionated distillations, the part which passed below 90° C. 
consisted of a mixture of ordinary ether and alcohol. The alco- 
hol had evidently been set free from the oxalic ether by the 
action of amylic alcohol. It was isolated from the common 
ether, with which it was mixed, by treating the mixture with 
an aqueous solution of salt, and distilling to regain the alcohol 
which was dissolved in the saline solution. The alcohol, dis- 
tilled, was treated again several times in the same way. After 
having been rectified over anhydrous baryta, it boiled at 78°, 
and presented the characteristic properties of ordinary alcohol. 

The portion of the liquid boiling at a temperature higher 
than 90° was separated by fractionated distillation into four pro- 
ducts: amylic alcohol, oxalate of ethyl], distilling near 180°, 
oxalate of ethyl and amyl, distilling at 225°-233°, and oxalate 
of amy], distilling at 259°-261°. An analysis of the latter gave: 


Theory. 
C = 6884 - - 62°61 
H= 949 - - - 956 
C,0, 
The mixed ether, C,H, }O,, boiling at 225°-233°, which was 
5 11 
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obtained in a state of approximate purity, could not be farther 
purified by repeated distillations, but on the contrary, when dis- 
tilled by itself, the limits of temperature within which it passed 
became wider with each operation. We suppose this circum- 
stance to arise from a decomposition of the body by heat, and 
our supposition was verified by the result of an experiment, 
where we heated a portion of this product, which had distilled 
at 230°-242°, during twenty-four hours, at 220°-250° C., in a 
sealed tube, and found that the decomposition had advanced so 
far that oxalate of ethyl (boiling at 180°), and oxalate of amyl 
boiling at 260°), could be obtained from it. We shall publish 
the details of experiments with the ethers of a quadribasic acid 
in a paper on silicic ethers. 

It appears from the experiment with the mixed oxalate of 
ethyl and amyi, that, when two alcoholic radicals are combined 
with a single bibasic acid, they have a tendency, at a high tem- 
perature, to displace each other, so that, besides the portion of 
the mixed ether which remains unchanged, compounds of the 
acid with two equivalents of each of the radicals are formed. 
When two ethers containing different acids and different alco- 
holic radicals are subjected together to the action of heat, a de- 
composition might be expected with production of two new 
ethers, each acid having entered into combination with each 
alcohol. This reaction actually takes place. 

. Action of benzoate of ethyl on acetate of amyl.—The two ethers 
were heated several hours at 800°-3810° C., and the acetate of 
ethyl and benzoate of amyl formed were isolated and analyzed. 

Acetate of ethyl, boiling point about 74°: 


Theory. 
C = 55°84 - - 54°54 
H = 10°09 - - - 9:09 
Benzoate of amyl, boiling point about 250°: 
Theory. 
C = 74:06 - 75°00 
H= 814 - - - 833 


In another experiment, when the tube was heated sixty hours 
at 200°-240°, the quantity of these ethers formed was too small 
to admit of their being separated from the other products, A 
very high temperature or a great length of time therefore is 
necessary to the accomplishment of this reaction. The ethers 
properly so called, the oxyds of alcoholic radicals, do not un- 
dergo a similar decomposition except perhaps at a very high 
temperature. 

Common ether and amylic ether were heated seventy-five hours 
at 200°-250° without formation of a mixed ether. 

The presence of water in the products employed would have 
taken away entirely from the value of the preceding experi- 
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ments, for the water would have acted upon the ether, setting free 
an equivalent of acid, which would have combined with the 
alcohol, setting water free again, so that the transfer of the acid 
from one alcoholic radical to another might have been wholly 
independent of the reaction we were studying; each of the 
tubes, after having been heated, was therefore examined with 
very sensitive litmus paper, which was left in the liquid several 
minutes. In no case was there a trace of acid reaction observed. 

If we refer to these experiments for an answer to the ques- 
tions proposed at the beginning of the memoir, we find: Ist. 
That the reaction which we have considered takes place, at a 
temperature in the neighborhood of 250° C., between an alcohol 
and the ether of an acid, or between two ethers of acids, and 
also, that a similar decomposition takes place when the mixed 
ether of a polybasic acid is heated by itself. That it does not 
take place at all, or only with great difficulty, when the ethers 
(oxyds) of alcoholic radicals are heated with one another. That 
the reaction takes place most readily with those ethers that are 
most easily decomposed by water and other reagents. 2d. That 
the character of the reaction indicates that it is not dependent 
upon elective affinity, but simply on a tendency of each radical 
to unite with all the others present, and thus to form the great- 
est number of compounds possible. 

It has long been a point, upon which the opinion of chemists 
has been undecided, whether two salts in solution undergo mu- 
tual decomposition, so that a portion of each acid combines with 
a portion of each base, or whether the salts remain in their 
primitive condition. Late researches‘ seem to render probable 
the first view of the subject, so that, for example, a solution of 
nitrate of potash and sulphate of magnesia would be found to 
contain the sulphates of potash and magnesia and the nitrates of 
these bases if there were any means of directly separating all 
these-salts; the separation is however impossible, and the state 
of combination of each element in the solution must be deduced 
from an examination of its physical properties. With many 
compounds of organic chemistry, however, when it is sought to 
separate products formed under similar circumstances, and be- 
longing to the same class as salts in inorganic chemistry, advan- 
tage may be taken of the differences in the boiling points of 
the products to isolate each one by fractionated distillation; and 
also, a peculiar and characteristic property of organic bodies fre- 
quently aids in rendering a separation of this nature easy, 
namely, the slowness with which they experience intermolecular 
changes. Thus, the mixed oxalate of ethyl and amyl can be 
obtained, by a single distillation, in a state of approximative 


* Gladstone, Journ. Chem. Soc., xv, 302. 
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purity, from the products of the reaction of oxalate of amyl on 
oxalate of ethyl, although, when it is isolated and heated alone 
for a certain length of time, it is resolved in part into the bodies 
from which it was formed. It is this last mentioned property 
of compounds of the ether class together with their volatility, 
which render them peculiarly fitted as material for the study of 
reactions like. those which we have been considering; and the 
results, obtained by such a study, are not without weight in ques- 
tions concerning inorganic compounds, for the analogies between 
the elementary bodies and the organic radicals, which play the 
same part as elements in a large number of reactions, are be- 
coming every day more numerous with the advance of chemical 
science, and the barrier which separates the two branches of 
chemistry is now nothing more than a line of division in an ar- 
tificial classification, which, notwithstanding its many advan- 
tages, has the demerit of separating too widely phenomena which 
are dependant on the same general laws. 


Art. VI.—On Ltherification ; by C. FRIEDEL and J. M. Crarts. 


Wiru the purpose of extending our observations cn the class 
of reactions described in the preceding paper, we undertook 
similar experiments with the chlorids and iodids of alcoholic 
radicals; but we soon recognized that, although these bodies 
are easily decomposed by an alcohol at a comparatively low 
temperature, the reaction is quite different from the one before 
described. 

Two tubes were heated twenty-four hours at 160°-180° C. 
The first contained iodid of amyl with one-half its weight of 
common alcohol; the second contained iodid of ethyl with an 
equal weight of amylic alcohol. The contents of the tubes be- 
came strongly acid, and a layer of water, containing iodhydric 
acid in solution, separated on the surface of the liquid in each 
of them. 

The liquid was washed with water to free it from iodhydric 
acid, and, as the iodids are not acted upon by concentrated sul- 
phuric acid, this agent was employed to separate them from the 
other products. ‘he iodids, separated by decantation from the 
sulphuric acid, underwent several fractionated distillations. The 
contents of the first tube gave a small quantity of a liquid, boil- 
ing at 72°-75°, which possessed the properties of iodid of ethyl 
(true boiling point =72°2], and from the second tube iodid of 
amyl, boiling at 146° [true boiling point =146°], was obtained. 
Analyses were made of these products, which corresponded 
sufficiently with the true composition to leave no doubt as to 
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the identity of the bodies. The quantity of these iodids which 
was obtained was, however, comparatively small; in each of 
the tubes the principal portion of the reaction was an ether, 
which was regained from the sulphuric acid employed in purify- 
ing the iodids, by the addition of water. 

The ether obtained in this manner was not pure, being mixed 
with a small quantity of the iodids, and with traces of the alco- 
hols, but it distilled in greater part at 100°-120°, and after a 
few fractionated distillations a large quantity of a product whose 
boiling point was near 110° was obtained. In order to rid this 
product of the iodids with which it was mixed, it was heated 
some time with sodium; the iodids were destroyed with forma- 
tion of iodid of sodium and the radicals ethyl and amyl. From 
these latter the ether was freed by repeated fractionated distilla- 
tion as far as possible, but the analyses below show that the 
body was not perfectly pure; the traces of these hydrocarbons 
which it contained was not, however, sufficient to leave any 
doubt as to its identity with the mixed oxyd of ethyl and amyl, 
O. It distilled at 110°-113° (true boiling point =112°). 

5 

Analysis I is of the product obtained from the tube contain- 
ing iodid of amyl and common alcohol; analysis 11, of that ob- 
tained from iodid of ethyl and amylic alcohol. 

Theory. 


L 
O = 72°55 72°41 


H 14°30 14°22 13°79 


The ether could only have contained a trace of an alcohol, but, 
as the action of sodium of a mixture of an alcohol with the 
iodid of the radical of another alcohol gives rise to a mixed 
ether, we repeated the experiment, taking care to destroy the 
alcohol more completely by repeated treatments with concentra- 
ted sulphuric acid before acting upon the iodid with sodium, but 
we did not observe that the quantity of mixed ether formed was 
diminished after this precaution had been taken. 

In the foregoing experiments common ether as well as amylic 
ether were formed, but in much smaller quantity than the mixed 
ether. The principal reaction which took place in the tubes is 
therefore expressed by the equation: 

The iodhydric acid in presence of an excess of alcohol would 
give rise to the formation of water and of the iodid of the alco- 
holic radical, 

+ HI = RI + 
and the iodid would in this manner be continually decomposed 


Am. Jour. Sci.—Seconp Series, Vou. XL, No. 118.—Jury, 1865, 
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and reformed as long as any alcohol remained. The iodhydric 
acid would also decompose a certain portion of the ether formed, 
in the same manner as it decomposes an alcohol, but less readily. 

It is not necessary to suppose that the decomposition and re- 
composition of the iodid are dependent upon successive reac- 
tions; it is on the contrary certain, that at any given moment all 
the above mentioned reactions take place simultaneously, and 
that the mass of each body entering into them at that moment 
determines the relative amount of their products. 

The fact that the principal product of the reaction of the iodid 
of an alcoholic radical upon the alcohol of another radical is a 
mixed ether can only be interpreted by the first of the preced- 
ing equations, and this manner of viewing the reaction is of 
some importance in its bearing on the theory of etherification, 
as affording evidence in support of a theory, already advanced 
by Reynoso’ and others, which refers to a simple chemical re- 
action, the etherification by so-called catalytic action of chlorids, 
bromids, and iodids on alcohols. We have been able to demon- 
strate in the preceding experiments, that the first stage of the 
reaction, the replacement of the hydrogen of the alcohol by 
the radical combined with the iodid, actually takes place in a 
manner which accords with the theory of Reynoso. The prop- 
erty, which the chlorids, bromids and iodids of alcoholic radi- 
cals, as well as of metals, possess, of transforming an unlimited 

uantity of an alcohol into an ether is comparable to that of 
erments, in so far that a change of composition is wrought in a 
large quantity of matter by a body, which seems in itself to be 
inactive, and the explanation of phenomena of this class was 
sought in a mysterious influence, exerted by the presence of the 
body, which brought about a change without seeming to suffer 
one itself; but the remarkable researches of Pasteur have led 
to the discovery of an explanation of the process of fermenta- 
tion in the physiological action exercised by the fermenting 
matter on one another; the etherification of alcohols by bodies 
which are not destroyed at the end of the process, also, admits 
of a simple explanation, founded on known chemical laws, and 
there is reason to hope that the name catalysis will eventually 
be banished from scientific language by a closer study of the 
reactions, which have been designated by this term in default of 
a knowledge of their true character. 

These researches have been made in the laboratory of Profes- 
sor Wurtz. 

Paris, March 1st, 1865. 


? Ann. de Chim, et Phys., 1856. 
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Arr. VII.—Contributions to the Chemistry of Natural Waters ; by 
T. Srerry Hunt, A.M., F.R.S.: of the Geological Survey of 
Canada. 

Il. 
Analyses of various Natural Waters. 

Contexts or Secrions,—35, mode of analysis, date of collection; 86, waters of the 
first class; 37, their probable origin, the elimination of sulphates; 38, separation 
of lime-salts from waters; 39, earthy chlorids in saliferous formations ; brines of 
New York, Michigan, and England; foot-note on errors in water-analyses ; 40, 
brines of western Pennsylvania; waters in which chlorid of calcium predomi- 
nates ; 41, origin of such waters; separation of magnesia as an insoluble silicate ; 
42, waters of the second class; 43, waters of the third class; 44, waters of the 
fourth class; Chambly ; 45, other waters of the same class; Ottawa River; 46, 
waters of Highgate and Alburg ; 47, changes in the Caledonian waters; compar- 
ative analyses ; 48, waters of the fifth class; sulphuric-acid springs of New York 
and Canada; 49, changes in composition, action on calcareous strata ; 50, waters 
of the sixth class, their various sources ; 51, neutral sulphated waters. 


§ 35. The analyses of the various mineral waters to be given 
in the second part of the present paper, were made according to 
the modes laid down in the treatise of Fresenius on Quantitative 
Analysis. The carbonate of soda in the alkaline waters was de- 
termined by the excess of the alkaline bases over the chlorine 
and sulphuric acid present. This was generally controlled by 
the amount of the carbonate of baryta thrown down from a so- 
lution of chlorid of barium by a solution of the soluble salts 
obtained by the evaporation of the mineral water; and in some 
cases, to be specified farther on, this latter process was relied on 
as the only means of determining the amount of carbonate of 
soda. For remarks on the earthy carbonates of the waters, and 
their relation to the results of analysis, see Part III of this paper. 

The date at which the various waters were collected for analy- 
sis is in each case appended to the notice of the spring. This is 
of the greater importance, inasmuch as it will be shown that, in 
the course of years, some of the springs here described have 
suffered considerable changes in their composition. 

§ 36. In the following table are given the analyses of several 
waters belonging to the first class as defined in § 34." 

1. This water is from a well thirty feet in depth, near the vil- 
lage of Ancaster, on the western shore of Lake Ontario. It is 
sunk in the Niagara formation; but like the other waters of this 
class, probably has its source in the Lower Silurian limestones. 
The water rises nearly to the surface, but there is no perceptible 
discharge. Its temperature was found to be 48° F. when col- 
lected for analysis in September, 1847. 


* Of the thirty-seven analyses of waters here given, ten have already appeared 
in this Journal, [2], viii, ix, xi; but for the purposes of comparison it is thousht well 
to reproduce them in the present connection. Of the others the greater part have 
appeared in the Geology of Canada, ‘but several are now for the first time in print. 
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Taste ]—Warers oF THE First CLass. 


Chlorid of sodium. . ./17°8280|18°9158 19°94'29°864! 7-227 
“ potassium...) “0920! traces. | traces, | undet. | *8555 und't.\undet, undet. 
“ calcium... 92050148544, 64912439, 
“ magnesium. ‘| 96437 12-9060 94848 33977 1°95) 7° 33) 17638 
Bromid of sodium...) +1178} °2482| -4685 undet. | undet. und’t./\undet. undet. 
Todid of 0042) ....| “ 
Sulphate of lime..... “7767 21923 177 +954) 2°38 
Carbonate of lime... traces.| ° ‘370, *400 


| 


In 1090 parts 36:0893 50°6075 30°15 152°247 18680) 


2. This water is from a copious spring which issues from the 
limestones of the Trenton group at Whitby, on the north shore 
of Lake Ontario. It contained small portions of baryta and 
strontia, and was collected in October, 1853. 

8, 4. Several wells have been sunk in the Trenton limestone 
in the township of Hallowell, on the Bay of Quinté, Lake On- 
tario, in search of brine for salt-making, and have yielded bitter 
saline waters, of which the two here noticed are examples. No. 
3 was obtained from a well twenty-seven feet deep, in October, 
1853. No. 4 was taken in the summer of 1854 from a well a 
mile or two distant from the last. Neither of these waters was 
examined for baryta or strontia. 

5, 6. At St. Catherines, near Niagara Falls, a boring of five 
inches in diameter was carried to a depth of about 500 feet, and, 
after traversing the Medina formation, is said to have penetrated 
fifty or sixty feet into the Hudson River shales. It yields about 
twenty gallons a minute of a saline water, whose analysis by 
Professor Croft of the University of Toronto, a few years since, 
afforded the results given under 5. This water, which was first 
sought for the manufacture of salt, is now much used for medi- 
cinal purposes. Its strength seems subject to some variation, 
sinee a specimen from the same well in December, 1861, gave me, 
by a partial analysis, chlorid of sodium 23-00, chlorid of calcium 
9°66, chlorid of magnesium 2°40, sulphate of lime 1°75=86°81 
parts in 1000. No. 6, examined at the same time, is from a sec- 
ond well sunk in 1861, not far from the last. 

7, 8. These are analyses of the waters from two borings in the 
Trenton limestone at Morton’s distillery in Kingston. The 
analyses are by Dr. Williamson of Queen’s College in that city, 
and were made probably ten or twelve years since. They have 
been recalculated so as to represent the whole of the sulphuric 
acid as combined with calcium. The first of these waters gave 
to Dr. Williamson both bromine and iodine, and the second was 
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found to be sulphurous. These waters differ from the preceding 
in containing considerable amounts of earthy carbonates, and in 
this respect are related to those of the second class, while they 
still show a large predominance of earthy chlorids. 

§ 87. The waters of the above table contain, besides chlorid of 
sodium and a little chlorid of potassium, large quantities of the 
chlorids of calcium and magnesium, amounting together, in sev- 
eral cases, to more than one half the solid contents of the water. 
Sulphates either are absent, or occur only in small quantities, 
and the same is true of earthy carbonates. Salts of baryta and 
strontia are sometimes present, while the proportions of bromids 
and iodids, though variable, are often considerable. 

In the large amount of magnesian chlorid which they contain 
these waters resemble the bittern or mother-liquor which remains 
after the greater part of the chlorid of sodium has been removed 
from sea-water by evaporation. The bitterns from modern seas, 
however, differ in the presence of sulphates, and in containing, 
when sufficiently concentrated, only traces of lime. The reason 
of this, as already pointed out in § 22, is to be found in the fact 
that in the waters of the present ocean the sulphates are much 
more than equivalent to the lime, so that this base separates 
during evaporation as gypsum.’ But, as shown in $23 and § 24, 
the waters of the ancient seas, which held in the form of the 
chlorid of calcium the greater part of the lime since deposited 
as carbonate, must have yielded by evaporation bitterns contain- 
ing a large proportion of chlorid of calcium. Such is the na- 
ture of the brines whose analyses are given in the above table, 
and such we suppose to have been their origin. The complete 
absence of sulphates from many of these waters points to the 
separation of large quantities of earthy sulphates in the Lower 
Silurian strata from which these saline springs issue; and the 
presence in many of the dolomitic beds of the Calciferous sand- 
rock of abundantly disseminated small masses of gypsum, is an 
evidence of the eiimination of the sulphates by evaporation. 
The frequent occurrence of crystalline masses of sulphate of 
strontian in the Chazy and Black River limestones of this 
region, is also to be noted as another means by which the sul- 
phates were separated from the waters of the Lower Silurian 
seas. From the proportions of chlorid of sodium, varying from 
about one-third to more than two-thirds of the solid contents of 
the above waters, it is apparent that in most cases the process 
of evaporation had gone so far as to separate a part of the com- 
mon salt; and thus successive strata of this ancient saliferous 
formation must be impregnated with solid or dissolved salts of 
unlike composition. The mingling of these in er propor- 
tions affords the only apparent explanation of the differences in 


* See farther on this point, Bischof, Chem. Geology, i, 413. 
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the relative amounts of the several chlorids in waters from the 
same region, and even from adjacent sources. These differences 
are seen on comparing the waters from the different wells of St. 
Catherines, Hallowell and Kingston, with each other. 

88. The great solubility of chlorid of calcium renders it 
difficult to suppose its separation from the mother-liquors so as 
to be deposited in a solid state in the strata. The same remark 
applies to chlorid of magnesium. It is, however, to be remarked 
that the double chlorid of potassium and magnesium (carnallite) 
is decomposed by deliquesence into solid chlorid of potassium 
and a solution of chlorid of magnesium; and thus strata like 
those which at Stassfurth contain large quantities of carnallite, 
(§ 22,) might give rise to solutions of magnesian chlorid. This, 
however, would require the presence of a large amount of chlorid 
of potassium in the early seas. It will be observed, by referring 
to the analyses above given, that the chlorid of magnesium 
sometimes surpasses in amount the chlorid of calcium, and some- 
times, on the contrary, is equal to only one-half or one-fourth of 
the iatter salt. While it is not impossible that the predominance 
of the magnesian chlorid in some waters may be traced to the 
decomposition of carnallite, it is undoubtedly in most cases con- 
nected with the action of solutions of carbonate of soda, the 
effect of which, as already pointed out, is to first separate the 
soluble lime-salt as carbonate, leaving to a subsequent stage the 
magnesia chlorid. (§ 18.) As this reaction replaces the limie-salts 
by chlorid of sodium, it might be expected that there would be 
an increase in the amount of the latter salt in the water wher- 
ever the magnesian chlorid predominates, did we not remember 
that evaporation separates it from the water in a solid form; and 
that the two processes, one of which replaces the chlorid of cal- 
eium by chlorid of sodium, while the other eliminates the latter 
salt from the solution, might have been going on simultaneous! 
or alternately. As the nature of the waters now under a 
eration shows that the process of evaporation had been carried 
so far as to separate the sulphate in the form of gypsum, and 

robably also a portion of the chlorid of sodium in a solid state, 
it is evident that we have not yet the data necessary for deter- 
mining the composition of the water of the Lower Silurian 
ocean, as regards the proportions of the sodium, calcium and 
magnesium which it held in solution; and we can only conclude, 
from these mother-liquors, that the amount of the earthy bases 
was relatively very large. 

§ 39. As already remarked in § 22, the mother-liquor from 
modern sea-water contains no chlorid of calcium, but, on the 
contrary, large quantities of sulphate of magnesia; the lime in 
the modern ocean being less than one-half that required to com- 
bine with the sulphate present. If, however, we examine the 
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numerous analyses of rock-salt and of brines from various salif- 
erous formations, we shall find that chlorid of calcium is very 
frequently present in both of them; thus supporting the con- 
clusions already announced in § 24 with regard to the composi- 
tion of the seas of former geological periods. The oldest salif- 
erous formation which has been hitherto investigated is the 
Onondaga salt-group of the New York geologists, which belongs 
to the upper part of the Silurian series, and supplies the almost 
saturated brines of Syracuse and Salina in New York. These, 
notwithstanding their great purity, contain small proportions of 
chlorids of calcium and magnesium, as shown by the analyses of 
Beck, and the recent and careful examinations of Goessmann. 
In the brines of that region the solid matters are equal to from 
143 to 16°7 per cent, and contain on an average, according to 
the latter chemist, 154 sulphate of lime, 0°93 chlorid of calci- 
um, and 0°88 chlorid of magnesium in 100-00; the remainder 
being chlorid of sodium.* 

The nearly saturated brines from the Saginaw valley in Mich- 
igan, which have their source at the base of the Carboniferous 
series, contain, according to my calculation from an analysis by 
Prof. Dubois, in 100-00 parts of solid matters, chlorid of calci- 
um 9°81; chlorid of magnesium 7°61; sulphate of lime 2°20; 
the remainder being chiefly chlorid of sodium. Another well 
in the same vicinity gave to Chilton an amount of chlorid of 
calcium equal to 3°76 percent. In a specimen of salt manu- 
factured in this region Goessmann found 1-09 of chlorid of calci- 
um; and in two specimens of Ohio salt, 061 and 1:43 per cent 
of the same chlorid. The rock-salt from the Lias of Cheshire, 
according to Nichol, contains small cavities, partly filled with 
air, and partly with a concentrated solution of chlorid of mag- 
nesium, with some chlorid of calcium.* 


> Goessmann, Report on the brines of Onondaga: Syracuse, 1862 and 1864. 
Also Report on the Onondaga Salt Co.: Syracuse, 1862. 

* Winchell: this Journal, [2], xxxiv, 311. , 

® Cited by Bischof, Lehrbuch ii. 1671. The results of the analyses by Mr. North- 
cote of the brines of Droitwich and Stoke in the same region (L. E. & D. Philos, 
Mag. [4], ix, 32,) as calculated by him, show no earthy chlorids whatever, and no 
carbonate of lime, but carbonates of soda and magnesia, and sulphates of soda and 
lime. He regarded the whole of the lime present in the water as being in the form 
of sulphate. If, however, we replace, in calculating these analyses, the carbonate 
of soda and sulphate of lime by sulphate of soda and carbonate of lime, we shall 
have, for the contents of these brines, chlorid of sodium, with notable quantities of 
sulphate of soda, some sulphate of lime, and carbonates both of lime and mag- 
nesia; a composition which is more in accordance with the admitted laws of chemi- 
cal combinations. From these results it would appear that the earthy chlorids, 
which according to Nichol are present in the rock-salt of this formation, are decom- 
posed by sulphates in the waters which, by dissolving the salt, give rise to the brines. 

It is to be regretted that in many water analyses by chemists of note the results 
are so calculated as to represent the co-existence of incompatible salts. Of the as- 
sociation of carbonates of soda and magnesia with sulphate of lime, as in the anal- 
ysis just noted, it might be said that I have shown that it may occur in the presence 
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§ 40. The brines from the valley of the Alleghany River, ob- 
tained from borings in the Coal formation, are remarkable for 
containing large proportions of chlorids of calcium and mag- 
nesium, though the sum of these, according to,the analyses of 
Lenny, is never equal to more than about one-fourth of the 
chlorid of sodium. The presence of salts of barium and stron- 
tium in these brines, and the consequent absence of sulphates is, 
according to Lenny, a constant character in this region over an 
area of two thousand square miles, (See Bischof, Chem. Geol. 
i, 377). A later analysis of another one of these waters from 
the same region, by Steiner, is cited by Will and Kopp, Jahres- 
bericht, 1861, p. 1112. His results agree closely with those of 
Lenny. See also the analysis of a bittern from this region by 
Boyé (this Journal, [2], vii, 74). 

These remarkable waters approach in character to those of 
Whitby and Hallowell; but in these the chlorid of sodium 
forms only about one-half the solid contents, and the proportion 
of the chlorid of magnesium ,to the chlorid of calcium is rela- 
tively much greater than in the waters from western Pennsyl- 
vania, where the magnesian chlorid is equal only to from one- 
third to one-fifth of the chlorid of calcium; the proportions of 
the two being subject in both regions to considerable variations. 

In this connection may be cited a water from Bras d’Or, in 
the island of Cape Breton, lately analyzed by Prof. How, which 
contains, in 1000 parts, chlorid of sodium 4-901, chlorid of po- 
tassium 0°650, chlorid of calcium 4413, and chlorid of magne- 
sium only 0°638, besides sulphate of lime 0°134, carbonates of 
lime and magnesia 0°085, with traces of iron-oxyd and phosphates 
=10°821. (Can. Naturalist, viii, 370.) The analyses of European 
waters furnish comparatively few examples of the predominance 
of earthy chlorids.’ 

§ 41. We have already shown in §38 how the action of car- 
bonate of soda upon sea-water or bittern will destroy the nor- 


of an excess of carbonic acid. (This Jour., [2], xxviii, 174). By evaporation, how- 
ever, such solutions regenerate carbonate of lime and sulphates of soda and mag- 
nesia; and by the consent of the best chemists these elements are to be represented 
as thus combined. But what shall be said when chlorid of magnesium, carbonate 
of soda, and silicate of soda are given as the constituents of a water whose recent 
analysis may be found in a late number of the Chemical News; or when bi-carbon- 
ates of soda, magnesia and lime are represented as co-existing in a water with sul- 
phates and chlorids of magnesium and aluminum? These errors probably arise 
from determining in the recent water, or in water not sufficiently boiled, the lime 
and magnesia which would by prolonged ebulition be separated as carbonates, 
together with portions of alumina, silica, etc. In the subsequent calculation of the 
analyses these dissolved earthy bases being regarded as sulphates or chlorids, in- 
stead of carbonates, there remains an excess of soda, which is wrongly represented 
as carbonate, instead of chlorid or sulphate of sodium. 

* Lersch, Hydro-Chemie, zweite Auflage: Berlin, 1864; vide p. 207. This ex- 
cellent work, which is a treatise on the chemistry of natural waters, in one volume 
8vo of 700 pages, was unknown to me when I prepared the first part of this essay. 
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mal proportion between the chlorids of magnesium and cal- 
cium by converting the latter into an insoluble carbonate, and 
leaving at last only salts of sodium and magnesium in solution. 
A process the reverse of this has evidently intervened for the 
production of waters like that from Cape Breton and some 
others noticed by Lersch, in which chlorid of calcium abounds, 
with little or no sulphate or chlorid of magnesium. This pro- 
cess is probably one connected with the formation of a silicate 
of magnesia. Bischof has already insisted upon the sparing 
solubility of this silicate, and he observed that silicates of 
alumina, both artificial and natural, when digested with a solu- 
tion of magnesian chlorid, exchange a portion of their base for 
magnesia, thus giving rise to solutions of alumina; which, being 
decomposed by carbonates, may have been the source of many 
of the aluminous deposits referred to in § 9. He also observed 
a similar decomposition between the solution of an artificial sil- 
icate of lime and soluble magnesian salts. (Bischof, Chem. Ge- 
ology, i, 13, also chap. xxiv.) In repeating and extending his 
experiments, I have confirmed his observation that a solution of 
silicate of lime precipitates silicate of magnesia from the sulphate 
and the chlorid of magnesium ; and have found, moreover, that 
by digestion at ordinary temperatures with an excess of freshly 
precipitated silicate of lime, chlorid of magnesium is completely 
decomposed ; an insoluble silicate of magnesia being formed, 
while nothing but chlorid of calcium remains in solution. It is 
clear that the greater insolubility of the magnesian silicate, as 
compared with silicate of lime, determines a result the very re- 
verse of that produced by carbonates with solutions of the two 
earthy bases. In the one case, the lime is separated as carbon- 
ate, the magnesia remaining in solution; while in the other, by 
the action of silicate of soda (or of lime), the magnesia is re- 
moved and the lime remains. Hence, carbonate of lime and sil- 
icate of magnesia are everywhere found in nature; while car- 
bonate of magnesia and silicate of lime are produced only under 
local and exceptional conditions. The detailed results of some 
experiments on this subject are reserved for anether place. It 
is evident that the production from the waters of the early seas 
of beds of sepiolite, talc, serpentine, ana other rocks in which a 
magnesian silicate abounds, must, in closed basins, have given 
rise to waters in which chlorid of calcium would predominate. 

§ 42. Of the waters of the second class whose analyses are 
here given, the first three occur, with many others of similar 
character, on the south side of the Ottawa river, below the city 
of that name. ‘The remaining four are on the north side of the 
St. Lawrence, between Montreal and Quebec, where also similar 
waters abound. All of these springs rise from the Lower Silu- 
rian limestones of the region. 


Am. Jour. Sc1.—Seconp Series, Vou. XL, No. 118.—Juny, 1865. 
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Taste I].—WartTERS OF THE SECOND CLAss. 


| 
Chlorid of sodium. ./11°6660 9460012°2500 
“ tassium..; *1040 ‘ 1832) +2409 

calcium ....| +2420, -0466, ‘0718; °6038) -2264 
2452-4942) 10838] - ‘0856. 6636 20523) 8942 

| 

| 


Bromidof undet.. -0342 0091) ‘0587 +0273 
2 traces., 0046) 0133; °0183 


Todid of 
Sylphate of lime... 
Carbonate of baryta. | 0106 coves 

lime.....| ‘0330; ‘2980 ‘126 *4520 *3493) °0120; +0180) 

“ magnesia ‘3629 8632) “4622 ‘9388, “7506 *4464, 

| traces. ses, traces, 0145) traces.| traces. | 
-0205, °0225 +0552 0479, *0865) undet.| undet. | 

Alumina traces. undet. traces. undet. 01455“ | 


In 1000 parts 18°1678 10-9814 14°6393 12°8830 9°0600 18 6513 138365, 20 9987 131400, 


Specific gravity ....100939 100878 10109 100942) ..... 101036101123 


1, 2. These two waters are from the township of Plantagenet. 
The first is known as Larocque’s, and the second as the Georgian 
Spring. ‘These waters were examined in 1849 and 1851. Two 
other springs have been observed in the same vicinity, one re- 
sembling Larocque’s spring and containing borates, with a not- 
able proportion of strontia, while the other is an alkaline-saline 
water of the third class. 

8. Caledonia Intermittent Spring. This spring owes its name 
to the intermitting discharge of carburetted hydrogen which 
takes place from its waters. It is in the township of Caledonia, 
not far from Plantagenet, and near three other waters from the 
same township, to be mentioned in the next class. The water 
was collected in September, 1847. 

4, Lanoraie. This is from the seigniory of Lanoraie. It 
contains both baryta and strontia, and evolves an abundance of 
carburetted hydrogen. The water was collected in March, 1851. 

5. Is from a copious spring in the seigniory of Berthier, and 
was collected in July, 1853. 

6. Is from the township of Caxton, and yields six or eight 
gallons of water a minute, besides a great abundance of inflam- 
mable gas. The carbonic acid was found to equal 1-126 parts, of 
which °651, or more than one half, is required for the neutral 
carbonates present. The water was taken from the spring in 
October, 1848. 

7. Is from the seigniory of St. Léon, and is a copious spring 
which, like the last, disengages inflammable gas. The carbonic 
acid was equal to 1:224 parts, of which 651, or not quite one 
half, is required for the neutral carbonates found by analysis. 
The water was collected in October, 1848. 
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8, 9. These are from two springs in the parish of Ste-Gene- 
viéve on the Batiscan River, and are remarkable for the large 

roportion of iodids which they contain. The first is known as 

rudel’s spring, and the second is at the ferry opposite to the 
church. The waters were collected in August, 1853. Several 
other saline springs occur in the same neighborhood. 

§ 48. Of the waters of the third class which follow, the first 
four rise from the Trenton limestone, and occur on the south 
side of the Ottawa River, in the vicinity of the first three of the 
preceding section. The others are from the south side of the 
St. Lawrence below Montreal. 


Taste I]].—Warers or THE THIRD C Lass, 


1. | 2, a | 4 | 5 | 6 | 7 | & 
Chlorid of sodium. 65325 | 9-4231 8-4286 48234 |5-9662 
potassium | 0309) 0296] 0240) -1160| *1234 | 0382) -0610) undet. 
Bromid of sodium....| 0150! 0169) ‘0100 -0217/ -0126  -0046/undet| 
lodid of sodium...... | 0005} -0014) traces) -0032| -0054  -0085| “ 
Sulphate of potash. ..| 0053) 0048] ‘0183; | 
| Carbonate of soda..... *0485) -1762 4558 -5885 1705 826015416) -6082 
| baryta...| traces.| *0226| -0128) traces) .... 
lime..... | *1480) *1175) -2100 +1500) ‘3540 +3490, -2180) -1440 
magnesia, | *5262) -5172) ‘2940-7860! 5433 -3559) -4263) -4756 
WOR. traces.) traces.) traces, traces.| ‘0048 traces.) ....| traces, 
0044\undet.! -0026 -0040! traces, “ | undet _undet. 
0310) 0425) ‘0840 +1330, *2120) *1140 
In 1000 parts........ 83473 10-7202 9-5867 72825 73330 
Specific gravity...... 1006°24'1008'15 1007-7) ....' 


1, 2 and 8 are waters from Caledonia, and rise about two 
miles from the spring 1, of the second table. These waters were 
examined in September, 1847. The first, which is known as the 
Gas spring, then yielded about four gallons of water a minute, 
and discharged in the same time about 300 cubic inches of car- 
buretted hydrogen gas, whence its name. At a distance of four 
or five rods from this, are the second and third springs, known 
as the Saline and White Sulphur waters, yielding each about ten 
gallons a minute. The former affords a few bubbles of carbu- 
retted hydrogen gas, and is not at all sulphurous, while the lat- 
ter contained a little sulphuretted hydrogen, equal to somewhat 
less than a cubic inch to the gallon. The temperature of the 
three waters was found to be respectively 44°-4, 45° and 46° F, 
The carbonic acid in 1000 parts of the Gas spring was equal to 
‘705, of which ‘856, or a little more than one-half, is required 
for the neutral carbonates present. In the Saline spring there 
was found ‘648 of carbonic acid, being an excess of ‘292 over 
that required to form neutral carbonates; while in the Sulphur 
Spring, which contained in 1000 parts only 590 of carbonic 
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acid, ‘849 are contained in the neutral carbonates, leaving only 
‘141 towards the formation of bi-carbonates. For later analyses 
of these waters see § 46. 

4, This, which is known as Gillan’s spring, is from the town- 
ship of Fitzroy, not very far from the last. Its waters were 
collected in July, 1850. 

5, 6. These two waters are from Varennes, and are about one 
hundred rods apart. The first is known as the Saline, and the 
second is called the Gas spring from the large volumes of car- 
buretted hydrogen gas which it disengages. The Saline spring 
contained in 1000 parts ‘920 of carbonic acid, of which -451, or 
nearly ove half, is required to form neutral carbonates present. 
In the Gas spring was found ‘792 of carbonic acid, leaving thus 
‘312 over that required to form neutral carbonates. The waters 
were collected in October, 1848. 

7. This is from Labaie du Febvre, and is known as Cour- 
chéne’s spring. It evolves small quantities of carburetted hy- 
drogen gas. The water was collected in September, 1852. Sev- 
eral other mineral springs occur in this vicinity, one of them 
belonging to this class, and others to the second and fourth 
classes. 

8. This water, from the seigniory of Beloeil, was collected in 
1851. 

§ 44. We shall now proceed to the springs which, in § 34, 
have been referred to the fourth class—and begin with three 
analyses of a mineral water from Chambly. Here, on a plateau, 
over an area of about two acres, the clayey soil is destitute of 
vegetation and impregnated with alkaline waters, which in the 
dry season give rise to a saline effloresence on the partially 
dried-up and fissured surface. A well sunk here to a depth of 
eight or ten feet in the clay, which overlies the Hudson River 
formation, affords at all times an abundant supply of water, 
which generally flows in a smal] stream from the top of the well. 
Small bubbles of carburetted hydrogen are sometimes seen to 
escape from the water. The temperature at the bottom of the 
well was found, in October, 1861, to be 53° F., and in August, 
1864, to be nearly 54° F. The mean temperature of Chambly 
can differ but little from that of Montreal, which is 44°-6 F., so 
that this is a thermal water. Another alkaline and saline spring 
in the same parish has also a temperature of 53° F. The water 
of the spring here described has a sweetish saline taste, and is 
much relished by the cattle of the neighborhood. Three analy- 
ses have been made of its waters, the results of which are here 
given side by side. The first was collected in October, 1851 ; 
the second in October, 1852; and the third in August, 1864, dur- 
ing a very dry season. 
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1851. 1852. 1864. 
Chlorid of potassium.............. undet 0324 0182 
“8689 “8387 “8846 
Carbonate of sodium 1-0295 1:0604 
Alumina and phosphate............ 0063 
Borates, iodids and bromids ........ undet. undet. undet. 


A portion of barium is included with the strontium salt. The 
water contains moreover a portion of an organic acid, which 
causes it to assume a bright brown color when reduced by evap- 
oration. Acetic acid gave no precipitate with the concentrated 
and filtered water; but the subsequent addition of acetate of 
copper yielded a brown precipitate of what was regarded as 
apocrenate of copper. The organic matter of this and of many 
other mineral springs has probably a superficial origin. The 
carbonic acid was determined in the third analysis, and was 
equal in two trials to ‘903 and ‘905. The neutral carbonates in 
this water require ‘452 parts of carbonic acid. 

§ 45. In the following table are given the results of the analy- 
ses of several other waters, which belong like the last to the 
fourth class. 


Taste I1V.—Warers oF THE FouRTH Crass. 


| 5. 
| 

Chlorid of sodium........... | 0207 | 0347 | “3818 | .... 

“ potasssium...... 0496 0076 | “0067 | | -0169 
Sulphate of soda ........... | traces 0215 traces.| °0188 

Carbonate of soda........... 1340 2301 11358 “0410 

1740 | ‘0710 | 0620  undet.; -2480 

magnesia....... 1287 | -0278 0257 | “0690 
Iron, alumina, phosphates....| traces.) .... traces, 
In 1000 ‘5312 | | +7523 | 15501 | .... | 
In 10,000 | “6119 


1. This spring was met with some years since in constructing 
a lock on the Richelieu River at St. Ours, and was enclosed in 
such a way that it is only accessible through a pump; so that it 
is impossible to determine the amount of water furnished by the 
spring, or its freedom from admixture. The water was obtained 
in November, 1852, and is remarkable for the large proportion of 
potassium salts. 1000 parts of the water gave of alkalies deter- 
mined as chlorids, 0°2250; of which 0:0565 parts, or 25-11 per 
cent, were chlorid of potassium. Another trial gave 24°52 per 
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cent; while a portion of the water taken from the spring three 
weeks earlier gave a large proportion of alkalies, equal to 0°3400 
of chlorids; of which 0:0596, or 17°53 per cent, were chlorid of 
potassium. 

2. This spring occurs on the bank of the Jacques Cartier river, 
a little above Quebec. It is strongly impregnated with sulphur- 
etted hydrogen, and appears to contain a considerable proportion 
of borates. It was collected for analysis in the summer of 1852. 

8. This water is from a spring in the township of Joly on the 
opposite side of the St. Lawrence, a few miles south from the last, 
and like it is sulphurous, and affords a strong reaction of boric 
acid. It was collected for analysis in July, 1853. 

4. A small area of marshy ground in the seigniory of Nicolet, 
near the line of St. Gregoire, is, like the similar tract in Chambly, 
so impregnated with mineral water as to be destitute of vegeta- 
tion. The water collected in a small pit, dug in this locality in the 
autumn of 18538, was yellowish colored, and alkaline to the taste, 
and gave by analysis the above results. Several other alkaline 
springs occur in this vicinity. All of the preceding waters, with 
the exception of No. 2, which comes out from the Utica slates, 
rise, like that of Chambly, from the Hudson River formation. 

5. This water, unlike the preceding, is that of a large river, 
the Ottawa, which drains a region occupied chiefly by ancient 
crystalline rocks, covered by extensive forests and marshes. The 
soluble matters which it contains are therefore derived in part 
from the superficial decomposition of these rocks, and in part 
from the decaying vegetation. The water, which was taken at 
the head of the St. Anne’s rapids, on the 9th of March, 1854, be- 
fore the melting of the winter’s snows had begun, had a pale 
amber-yellow color from dissolved organic matter, which gave 
a dark brown hue to the residue after evaporation. The weight 
of this residue from 10,000 parts dried at 300° F., was ‘6975, 
which after ignition was reduced to ‘5340 parts. As seen in 
the above table, one-half of the solid matters in this water 
were earthy carbonates, and more than one-third was silica, so 
that the whole amount of salts of alkaline bases was ‘088, (of 
which nearly one half is carbonate of soda); while the St. Ours 
water, which resembles that of the Ottawa in its alkaline salts, 
contains in the same quantity 4248, or more than forty-eight 
times as much. The alkalies of the Ottawa water, equalled as 
chlorids, ‘0900, of which ‘0293 or 32°5 per cent were chlorid 
of potassium. The results of some observations on the silica and 
organic matters of this river water will be given in part III. It 
will be observed that in the above table the figures given for 
the first five waters are for 1000 parts, while those of the Ottawa 
are for 10,000 parts. 

§ 46. In this connection may be given the analyses of two sim- 
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ilar springs from Vermont, the Highgate and Alburg springs. 
The waters were sent me in October and November 1861, and 
the results have already appeared in the Geology of Vermont, 
vol. ii, p. 926. Both of these waters, when examined, were 
slightly sulphurous, and yielded the reactions of boric acid. 
The amount of carbonate of soda was estimate from the carbo- 
nate of baryta obtained by the process already mentioned in § 35. 


Highgate. Alburg. 


§ 47. On the 5th January, 1865, after a lapse of more than 
seventeen years, I again visited the three springs of Caledonia, 
whose analyses have been given in the table § 43, and collected 
their waters fora second examination. The results of my recent 
analyses show that considerable changes have occurred in the 
composition of each of these springs, and tend to confirm in an 
unexpected manner, the theory which I long since put forward, 
—that the waters of the second and third classes owe their ori- 
gin to the mingling of saline waters of the first class with alka- 
line waters of the fourth class, It will be observed that the 
three Caledonia waters in 1847 were all alkaline, though the 
proportions of the carbonate of soda were unlike. Sulphates 
were also present in all of them, though most abundant in the 
Sulphur spring, which, although holding the smallest amount of 
solid matters, was the most alkaline. In January, 1865, how- 
ever, the first and second of these waters had ceased to be alka- 
line, and contained, instead of carbonate of soda, small quantities 
of earthy chlorid, causing them to enter into the second class, 
They no longer contained any sulphates, but, on the contrary, 

ortions of baryta and strontia. Only the Sulphur spring, which 
in 1847 contained the largest proportion of a ns of soda and 
of sulphates, still retained these elements, though in diminished 
amounts, and was feebly impregnated with sulphuretted hydro- 
gen. If we suppose these waters to arise from the commingling 
of saline waters like those of Whitby and Lanoraie, containing 
earthy chlorids and salts of baryta and strontia, with waters of 
the fourth class holding carbonate and sulphate of soda, it is evi- 
dent that a sufficient quantity of the latter water would decom- 
pose the earthy chlorids and precipitate the salts of baryta and 
strontia present; while an excess would give rise to alkaline- 
saline waters containing sulphate and carbonate of soda, such 
as were the three springs of Caledonia in 1847. A falling-off in 
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the supply of the sulphated alkaline water has however taken 
place, and the result is seen in the appearance of chlorid of 
magnesium and of baryta and strontia in two of the springs, 
and in a diminished proportion of carbonate of soda in the Sul- 
phur spring, 

These later analyses being directed chiefly to the determina- 
tion of these changes, no attempt was made to determine po- 
tassium, iodine and bromine. For the purposes of comparison, 
the two series of analyses are here put in juxtaposition; the 
elements just mentioned being included with the chlorid of so- 
dium, and the figures reduced to three places of decimals. The 
precipitate by a solution of gypsum from the concentrated and 
acidulated water was regarded as sulphate of strontia, and calcu- 
lated as such, but was in part sulphate of baryta. 


Taste V.—SHOWING THE CHANGES IN THE CALEDONIAN SPRINGS. 


| 1. Gas Spring. ‘2: Saline Spring.||3, SulpburSpring. 
| 1847, | 1865. || 1847. | 1865. || 1846, | 1865, | 
Chlorid of sodium .............| T014| 6570 || 6488 6-930 || 3876 | 3685 
Sulphate of | 005| .... 7005; ....|| 
Carbonate of soda............. O48 | 456) 
“ | -096 117) 095 -210} 
magnesia.......++ 526) °455)) 517) “469 || +294) +228 
020) -015|| -084| -021 
7-174 || 7°345! 7-547 || 4988! 4128 


In the recent analyses of these waters, the carbonic acid in 
the Gas spring was found to equal, for 1,000 parts, ‘671; of which 
‘278 were required for the neutral carbonates. The Saline spring 
contained *664 of carbonic acid, of which ‘290 go to make up the 
neutral carbonates. The Sulphur spring, in like manner, gave 
of carbonic acid ‘573, while the neutral carbonates of the water 
require only ‘191. All of these waters in January, 1865, thus 
contained an excess of carbonic acid above that required to form 
bicarbonates with the carbonated bases present; while the analy- 
ses of the same springs in 1847, showed, as we have seen in § 48, 
a quantity of carbonic acid insufficient for the formation of bicar- 
bonates. The questions of this deficiency, and of the variation 
in the amount of carbonic acid in these and other waters will be 
considered in the third part of this paper. 

§ 48. The waters of our fifth and sixth classes, as defined in 
§ 34, are distinguished by the presence of sulphates; the former 
being acid and the latter being neutral waters. In the fifth class 
the principal element is sulphuric acid, associated with variable 
and accidental amounts of sulphates of alkalies, lime, magnesia, 
alumina, and iron. Apart from the springs of this kind which 
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occur in regions where volcanic agencies are evidently active, 
the only ones hitherto studied are those of New York and west- 
ern Canada; which issue from unaltered, and almost horizontal 
Upper Silurian rocks. (§ 31.) The first account of these re- 
markable waters was given in this Journal in 1829 (vol. xv, 
p- 238), by the late Prof. Eaton, who described two acid springs 
n Byron, Genesee Co., N. Y.; one yielding a stream of dis- 
tinctly acid water sufficient to turn a mill-wheel, and the other 
affording in smaller quantities a much more acid water. The 
latter was afterward examined by Dr. Lewis Beck (Mineralogy 
of New York, p. 150). He found it to be colorless, transparent 
and intensely acid, with a specific gravity of 1:113; which cor- 
responds to a solution holding seventeen per cent of oil of vitriol. 
No chlorids, and only traces of lime and iron, were found in this 
water, which was nearly pure dilute sulphuric acid. Prof. Hall 
(Geology of New York, 4th District, p. ~— has noticed in addi- 
tion to these, several other springs and wells of acid water in the 
adjacent town of Bergen. Farther westward, in the town of Al- 
abama is a similar water, whose analysis by Erni and Craw will 
be found in this Journal, [2], ix, 450. It contained in 1000 parts 
about 2°5 of sulphuric acid, and 4°6 parts of sulphates, chiefly of 
lime, magnesia, iron and alumina. In this, as in the su ing 
analyses, hydrated sulphuric acid, SO,HO, is meant. * 

The earliest quantitative analyses of any of these waters were 
those by Croft and myself of a spring at Tuscarora, in 1845 and 
1847, of which the detailed results appear in this Journal, [2], 
viii, 364. This, at the time of my analysis in September, 1847, 
contained, in 1000 parts, 4-29 of sulphuric acid, and only 1°87 of 
sulphates; while the previous analysis by Prof. Croft gave ap- 
proximatively 3:00 of neutral sulphates, and only about 1°37 of 
sulphuric acid. Similar acid waters occur on Grand Island 
above Niagara Falls, and at Chippewa. 

All of these springs, along a line of more than 100 miles from 
east to west, rise from the outcrop of the Onondaga salt-group ; 
but in the township of Niagara, not far from Queenston, are two 
similar waters which issue from the Medina sandstone. One of 
these is in the southwest part of the township, and fills a small 
basin in yellow clay, which, at a depth of three or four feet, is 
paar wwe by red and green sandstones. ‘he water, which like 
those of Tuscarora and Chippewa, is slightly impregnated with 
sulphuretted hydrogen, is kept in constant agitation from the es- 
cape of inflammable gas. It contained, in 1000 parts, about two 
parts of free sulphuric acid, and less than one part of neutral 
sulphates. This water was collected in October, 1849, and at that 
time another half dried-up pool in the vicinity contained a still 
more acid water. Another similar spring occurs near St. Da- 
vids in the same township. 

Am. Jour. Sct.—Srconp Series, Vor. XL, No. 118.—Juy, 1865, 
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In connection with the suggestion made in § 31 as to their 

robable origin at great depths, it would be very desirable to 

ave careful observations as to the temperature of these acid 
springs. When, on the 19th October, 1847, I visited the Tusca- 
rora spring, the water in two of the small pools had a tempera- 
ture of 56° F.; but on plunging the thermometer in the mud 
at the bottom of one of these it rose to 60°°5. 

§ 49. It appears from a comparison of the analysis of Croft 
with my own, that the waters of the Tuscarora spring underwent 
a considerable change in composition in the space of two years; 
the proportion of the bases to the acid at the time of the second 
analysis being little more than one-third of that in the analysis 
of Croft. This change was indeed to be expected, since waters 
of this kind must soon remove the soluble constituents from the 
rocks through which they flow, and eventually become like the 
water from Byron, little more than a solution of sulphuric acid. 
The observations of Eaton at Byron, and my own at Tuscarora, 
show that half-decayed trees are still standing on the soil which 
is now so impregnated with acid waters as to be unfit to support 
vegetation. Reasoning from the changes in composition, it may 
be supposed that these waters were at first neutral, the whole of 
the acid being saturated by the calcareous rocks through which 
they must rise. It was from this consideration that I was for- 
merly led to ascribe to the action of these waters, the formation 
of some’of the masses of gypsum which appear along the outcrop 
of the Onondaga salt-group. (This Journal, [2], vii, 175.) That 
waters like those just mentioned must give rise to sulphate of 
lime by their action on calcareous rocks is evident; and some 
of the deposits of gypsum in this region, as described by good 
observers, would appear to be thus formed. So far, however, as 
my personal observations of the gypsums of western Canada 
have extended, they appear to be in all cases cotemporaneous 
with the shales and dolomites with which they are interstratified, 
and to have no connection with the sulphuric-acid springs which 
are socommon throughout that region. (This Journal, [2], xxviii, 
865, and Geology of Canada, 352.) 

§ 50. We have included in a sixth class the various neutral 
saline waters in which sulphates predominate, sometimes to the 
exclusion of chlorids. ‘The bases of these waters are soda, pot- 
ash, lime, and magnesia; which are usually found together, 
though in varying proportions. For the better understanding 
of the relations of these sulphated waters, it may be well to 
recapitulate what has been said about their origin; and to con- 
sider them, from this point of view, under two heads. 

First, those formed from the solution of neutral sulphates 
previously existing in a solid form in the earth. Strata enclosing 
natural deposits of sulphates of soda and magnesia, sometimes 
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with sulphate of potash ($ 17, § 19), afford the most obvious 
‘source of these waters. The frequent occurrence of gypsum, how- 
ever, points to this salt as a more abundant source of sulphated 
waters. Solutions of gypsum may in some case exchange their 
lime for the soda of insoluble silicates, or this salt may be decom- 
posed by solutions of carbonate of soda (§ 7, § 19). The decompo- 
sition of the sulphate of lime by hydrous carbonate of magnesia, 
as explained in § 21, is doubtless in many cases the source of sul- 
phate of magnesia, which is, more frequently than sulphate of 
soda, a predominant element in mineral waters. In connection 
with a suggestion made in the section last cited, it may be re- 
marked that I have since found that predazzite, in virtue of the 
hydrate of magnesia which it contains, readily decomposes solu- 
tions of gypsum holding carbonic acid in solution, and gives 
rise to sulphate of magnesia. 

In the second place, sulphuric-acid waters, like those described 
in § 47, by their action upon calcareous and magnesian rocks, 
or by the intervention of carbonate of soda, may, as already sug- 
gested, give rise to neutral sulphated waters of the sixth class, 
It is evident also that waters impregnated with sulphates of alu- 
mina and iron from oxydizing sulphates, as mentioned in § 28, 
may be decomposed in a similar manner, and with like results. 

Neutral sulphated waters generated by any of the above pro- 
cesses, are evidently subject to admixtures of saline matters from 
other sources, and may thus become impregnated with chlorids 
and carbonates. Indeed it is rare to find waters of the sixth class 
without some portion of chlorids, and a transition is thus pre- 
sented to the waters of the first four classes; in which also por- 
tions of sulphates are of frequent occurrence. ‘The presence of 
sulphates being one of the conditions required for the generation 
of sulphuretted hydrogen (§ 10), we find that the waters of the 
sixth class are very often sulphurous. 

§ 51. Waters of the sixth class are very frequently met with 
in the Paleozoic rocks of New York and western Canada, and 
are probably derived from the gypsum which is found in greater 
or less abundance at various horizons, from the Calciferous sand- 
rock to the Onondaga salt-group. Itis however not improbable 
that the sulphuric-acid waters which abound in this region (§ 48) 
may, by their neutralization, give rise to similar springs. In the 
waters of the district under consideration, the sulphate of lime 
generally predominates over the sulphates of the other bases, and 
chlorids are frequently present in considerable quantities. For 
numerous analyses of these waters, see Beck, Mineralogy of New 
York. The results of an examination of the Charlotteville 
spring, remarkable for the amount of sulphuretted hydrogen 
which it contains, will be found in this Journal, [2], viii, 369. A 
very copious sulphur spring which issues from a mound of cal- 
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careous tufa in Brant, C. W., overlying the Corniferous lime- 
stone, is distinguished by the absence of any trace of chlorids; in 
which respect it resembles the acid waters of the fifth class from 
the adjacent region. A partial analysis of a portion of it collected 
in 1861, gave, for 1000 parts, sulphate of lime 1-240, sulphate of 
— ‘207, and carbonate of lime ‘198. From aslight excess 
in the amount of sulphuric acid, it is probable that a little sul- 
phate of soda was also present. 

Of waters of this class, in which sulphate of magnesia predom- 
inates, but few have yet been observed in this country. A re- 
markable example of this kind from Hamilton, C. W., was ex- 
amined by Prof. Croft of Toronto, and described by him in the 
Canadian Journal for 1853 (page 153). It hada specific gravity 
of 1006-4, and gave for 1000 parts, 


Sulphate ofsoda, - - - = = 16985 
lime, - - - 11246 
magnesia, - - - 4°7799 


81128 


The rocks exposed at Hamilton include the Medina sandstone, 
and the Niagara limestone, with the intermediate Clinton group. 
Along the outcrop of the latter, crystalline crusts of nearly pure 
sulphate of magnesia are observed to form in many localities, 
during the dry season of the year. (Geology of Canada, p. 460.) 

According to Emmons, the Post-tertiary clays near Crown 
Point, on the western shore of Lake Champlain, are during 
dry weather covered with efflorescences of sulphate of magnesia, 
which impregnates several springs in the vicinity. The water 
of one of these, according to Emmons, had a specific gravity of 
1014:0, and contained, in 1000 parts, 18°78 of saline matter, which 
was chiefly sulphate of magnesia, with some sulphate of lime. 
(Cited by Beck, Mineralogy of New York, p. 252.) The strata 
underlying the clays of this region belong, according to the State 
geological map, to the Potsdam, Caleiferous and Trenton forma- 
tions, but the source of the magnesian salt is not improbably to 
be found in the clays themselves. 

In the third and concluding part of this paper, it is proposed 
to notice briefly some of the more important points in the chem- 
istry of the various waters which have been here described, and 
to inquire into their geological relations. 
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Art. VIIL—On Molecular Physics; by Prof. W. A. Norton, 


(Continued from vol. xxxix, p. 254.] 


Thermo-Electricity.—The key to thermo-electric phenomena 
should be found in the effect produced by heat on the electric 
condition of molecules. Now when heat is applied to a surface, 
the molecules at the surface’ first receive the ethereal pulses of 
which the force of heat consists. These pulses passing on to the 
central atom of each molecule, or the ph vc universal ether 
at the center of the molecule, are there partially expended in 
expanding its electric atmosphere on the outer side, and are par- 
tially propagated on. Upon reaching the inner side of the atom 
they will again be partially consumed in expanding the atmos- 
phere on that side, while a certain portion will be transmitted to 
the next atom. It is easy to see that this second expansion should 
be less than the first. Under these circumstances two important 
electrical effects will be produced. (1.) By reason of the greater 
expansion of the atmosphere on the outer than on the inner side, 
its density will be diminished on the outer side, and hence elec- 
tric ether will flow around to that side. Zhe molecular atmosphere 
will therefore become polarized positively on the outer side. (2.) As 
a consequence of this polarization the molecular atmosphere will 
urge away from it a portion of the electric ether posited near its surface, 
and tend to develop a negative polarization in the particles of contigu- 
ous surfaces. The surface receiving the heat will then become 
positively polarized, and there will be at the same time an elec- 
tric movement outward from the surface. Cold, or the abstrac- 
tion of heat, will have precisely the opposite tendency ; that is, 
a surface in the act of cooling will become negatively polarized, 
and this change will be attended with a flow of electricity toward 
the surface. Such movements of the electric ether will be in 
waves of translation, or in currents of free electricity, or both 
combined, according to the conducting power of the medium 
exterior to the surface (p. 252). Substances may differ in the 
effects thus produced, under similar circumstances, from two 
causes; a hilo in their conducting power for heat, anda 
difference in the degree of expansion, or in the effect of the ex- 
pansion produced by the same amount of heat. 

Now let a plate of bismuth be placed in contact with a plate 
of antimony, and let the junction be heated and the other ends 
be brought into good conducting communication. If the above 
mentioned effects of heat be different for these two metals, a 
current should set, at the junction, from the one which experi- 
ences the greatest effect to that which experiences the least, and 
pass through the circuit. Bismuth is a poorer conductor of heat 
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than antimony, and in fact than most other metals, and hence 
its surface molecules should imbibe and retain more heat than 
those of the antimony. The diamagnetic properties of bismuth 
also indicate, as will be seen hereafter, that its molecular atmos- 
pheres are remarkably expansible. If these peculiarities of bis- 
muth be admitted, we have an explanation of the fact that bis- 
muth is positive’ to other metals in its thermo-electric relations. 
The bismuth and antimony in the thermo-electric pair, it will be 
observed, hold the same relation to each other as the zine and 
copper in the galvanic pair, and the heat does the same electri- 
cal duty in the one, that the oxygen does in the other. 

If the other ends of the two metals be brought together and 
cooled, the current will be reénforced, since the molecular at- 
mospheres of the bismuth will contract more than those of the 
antimony. (See effect of cold, p. 61.) 

It has been ascertained as the result of numerous experiments, 
that “increasing the temperature of the negative metal gener- 
ally increases the amount of deflection of the galvanometer 
needle produced by heating the junction; while if the higher 
heat is applied to the metal which is positive at moderate tem- 
peratures, a current in the opposite direction is established.” To 
get at the explanation of these curious effects we must observe 
that the “ higher heat” spoken of is applied at a certain distance 
from the junction, and hence it is the inner sides of the surface 
molecules which first receive the heat from this second source, 
and become positively polarized. Accordingly, the current should 
be strengthened in the first case, above mentioned, and weak- 
ened in the second. It has also been observed that a current 
may be excited with two wires of the same metal, by heating 
the end of one and bringing it in contact with the other; and 
that the direction of the current at the junction is from the cold 
to the hot wire.” In this case it is to be remarked that the hot 
wire is in the act of cooling, and hencé there should be an elec- 
tric movement toward its surface (p. 61), or from the cold to 
the hot wire, through the junction. 

Pyro-electric Crystals——Tourmaline is the most conspicuous 
crystal belonging to thisclass. ‘A prism of tourmaline has dif- 
ferent secondary planes at its two extremities, or, as it is ex- 

ressed, is hemihedrally modified.” This peculiarity of crystal- 
ization, which also obtains in the other pyro-electric crystals, 
indicates that in the direction of the axis, the molecules of the 
erystal have different mechanical properties on opposite sides, 
In this condition of things we may reasonably suppose that the 
molecular atmospheres would expand unequally on opposite 


* By the positive metal is here meant that which imparts, at the heated junction, 


sewer electricity to the other metal. This is often termed the negative metal. 
ts polarization is positive, but its electrical state is negative (p. 245). 
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sides, under the influence of the same amount of heat. If this 
be admitted we have a complete explanation of the electric phe- 
nomena exhibited by the tourmaline when heated, in accordance 
with the principles already laid down. Thus, let a tourmaline 
be heated regularly, that is, so that all points of its surface shall 
receive equal increments of heat; at all points of the surface the 
unequal expansive action of the heat upon the two sides of the 
molecular atmospheres in the axial direction, will determine 
their polarization, and an attendant electric movement from the 

sitively polarized side of one molecule to the negatively polar- 
ized side of the next. ‘There should accordingly be opposite 
electrical states manifested at the ends of the crystal. This state 
of things should continue so Jong as the temperature is rising. 
But it is to be observed that the effective polarization determined 
in each molecule by the heat is weakened by the discharge that 
takes place from one molecule to the next, and that from this 
cause the signs of electrical excitement at the ends of the crystal 
will be much feebler when the temperature becomes uniform 
than they would otherwise be. Now if the heated tourmaline 
be pain regularly, the process that attended upon the heating 
will be reversed, and the electrical states, or effective poles, 
will be reversed. This reversal of the poles may occur soon 
after the temperature begins to fall, because of the above men- 
tioned weakening of the effective polarization; since this remain- 
ing polarization, when the temperature becomes uniform, which 
is really effect’ve upon bodies placed near the ends of the tourma- 
line, may be no greater than the opposite transient polarization 
that may arise from a small loss of temperature. 

Mutual Attractions and Repulsions of Electric Currents.—We 
have seen that in an electric current there is a flow, or onward 
movement of electric ether throughout the entire route of the 
current. Now the rapidly moving molecules of electric ether 
must act impulsively against the universal ether in their path; 
and every such impulse must be propagated indefinitely outward 
through this ether. The innumerable impulses thus originatin 
in a current are parallel to the direction of the current, an 
must take effect upon all surrounding molecules in this direction. 
They constitute what may be called the external impulsive force 
of the current. The well known phenomena under immediate 
consideration, as well as all the other phenomena of the external 
action of currents to be discussed, are to be ascribed to the ope- 
ration of this external impulsive force. Let us first take the case 
of two parallel wires: conveying currents in the same direction. 
The impulses propagated from these wires will tend to weaken 
the tension of the universal ether lying between the wires. A 
similar effect, but less in amount, will be ne upon the 
ether lying on the outer sides of the wires. The ethereal tension 
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should therefore be in excess upon the outer sides of the wires, 
and hence they should be urged toward each other, or there 
should be an apparent attraction between the wires conveying 
the currents. ‘I'he excess of ethereal tension here alluded to is 
attributable to the fact that the impulses proceeding from the 
one wire, in being propagated through the other, are materially 
reduced in intensity. ‘This effect results mainly from the disper- 
sion produced by the interstitial ether, which is brought into a 
very disturbed state of density by the swiftly moving atoms of 
the electric ether in the current. When only one of the wires 
conveys a current, no attraction or repulsion is observed, be- 
cause the dispersion just mentioned is wanting. 

If the currents be supposed to traverse the wires in opposite 
directions, then the same operative cause, the external impulsive 
forces of the currents, will compress the ether between the wires 
to a greater degree than beyond them, and thus there will be an 
effective force urging them farther apart. 

Let a, fig. 8, be a point of one of the currents, from which an 
impulse is propagated, and ab, ac, ad, 
lines radiating from it and crossing the > 
second wire, v, under different degrees ==" “ar 
of obliquity. The dotted lines drawn 
between bd and eg represent the lines of LZ 
moving electrical atoms. Each of the 
lines ab, ac, ad, will cross the same num- 
ber of such lines, and therefore impulses propagated along them 
will encounter the same number of moving atoms, and experi- 
ence the same proportional diminution. This diminution should 
be a certain constant fractional part of the impulse that reaches 
any point of the nearer side, eg, of the wire.. The diminution 
of the iy De impulse, in traversing the wire, simply by 
reason of the increased length of the passage, as the line is more 
oblique, should also be a constant fractional part of the impulse; 
since fc is the same proportional part of af, or an for each point 
of the wire. Hence the action of any point a of the first wire, 
upon any point f of the second, should be inversely proportional 
to the square of the distance; and the entire force of action of 
one indefinite wire upon another should be inversely propor- 
tional to the distance between the two. (See Lamé, Cours de 
Physique, vol. iii, p. 236.) 

If the currents cross each other under a certain angle instead 
of being parallel, it may be seen by attending to the mutual 
actions of the separate points of the two currents, that there 
will be attractions or repulsions according to the relative direc- 
tions of the currents at the points; and that the entire action 
will tend to bring the two currents into the same direction, in 

which the attraction will be a maximum. 
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External Action of an Electric Current upon bodies in their 
natural state—In undertaking to deduce from our fundamental 

rinciples the varied phenomena of the action of a current upon 

dies in its vicinity, we have to consider that there are two 
modes in which the external impulsive force of a current may 
act upon such bodies and develop currents; the one direct, and 
the other indirect. (1.) The propagated impulses may take 
effect directly upon the atoms of the electric atmospheres of the 
molecules, impelling them in the same direction that the primary 
current is moving, and so tend te generate a current similar to 
the primary. (2.) Or these same ethereal impulses may fall 
upon the central atoms of the molecules, force up the atmos- 
pheres on the side of the atoms upon which they fall, and so 
develop a current opposite to the original one. We have to 
consider, also, that the external current-force may operate, the- 
oretically, in both these ways, either upon the simple molecules 
which are grouped together into compound molecules, or upon 
compound molecules as a whole. ‘I'he action upon the constituents 
of the compound molecules, tends to develop currents within 
the mass of these molecules. Among the variety of especial 
currents which may thus be excited, we have particularly to 
note those which may be developed in the surface of each group, 
and circulate around it, from particle to particle. If the direct 
mode of operation of the primary current predominates, such 
circular currents are magnetic ; if the indirect prevail, they are 
diamagnetic. If the two tendencies countervail each other, the 
substance is in a neutral magnetic condition. The neutral mag- 
netic state may also result from the absence of groups of parti- 
cles in the substance, within which circular currents can be 
established. 

To the action of the current upon each compound molecule, 
with its own proper atmosphere (p. 241), as a whole, are to be as- 
cribed the remarkable phenomena of /nduced Currents, especially 
so-called. Experiment has hitherto failed to detect the exist- 
ence of any current, from one such molecule to another, or 
through the mass of a body, produced by the uniform action of 
an established current. All such induced currents result from 
either an increase or a decrease in the effective action of the in- 
ducing current, and are wholly due to the indirect mode of ope- 
ration of this current. ‘This fact indicates, in accordance with 
the views that have been advanced upon electric polarization, 
(p. 242), that the current develops a polarization in the com- 
pound molecules of bodies, which increases or decreases as the 
external impulsive action of the current increases or decreases, 
but remains constant so long as this action continues the same. 
This polarization is Faraday’s “Electro-tonic state” of bodies. 

Magnetism.—The general nature of the magnetic currents, as 
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distinguished from other electric currents, has just been indicated. 
The existence of such currents in the surface of a compound 
molecule seems to imply that there is a virtual chain of particles 
extending circularly around it, which there would be if the num- 
ber of particles in each group be large. Ampére’s researches 
have completely established that the idea of circular molecular 
currents is the key to all magnetic phenomena. It suffices, there- 
fore, for cur present purpose, to show, as has been done, that 
such currents are legitimately deducible from the fundamental 
conceptions laid down at the outset; and that the mutually attrac- 
tive and repulsive actions of currents may also be derived from 
the same mechanical ideas, (p. 63). We adopt, then, definitively, 
Ampére’s theory of the constitution of a magnet. 

The immediate cause of the development of magnetic currents 
is the direct impulsive action of an established current, taking 
effect upon the particles in the surface of compound molecules. 

In respect to magnetic properties, we have specially to distin- 
guish soft iron and steel. The cause of their difference of prop- 
erty seems to lie simply in a difference in the conducting power 
of the groups of particles into which they are aggregated. If 
in soft iron these groups are good conductors, the electric ether 
set in motion should pass freely around them, unattended with 
any material polarization of the particles, and unresisted by the 
force that results from such polarization, (p. 245). When the 
exciting cause ceases to operate, there is no force remaining to 
counteract the resistance of the universal ether to the flow of 
the electricity, and the retarding operation of contiguous oppos- 
ing currents. But if we suppose that, in the case of steel, the 
molecular groups are imperfect conductors, the magnetizing 
force will develop a polarization of the separate molecules; and, 
as a consequence, the currents may pass chiefly through their 
atmospheres, as in the case of electric induction, (p, 243). In 
this state of things, when the force is withdrawn, it does not 
follow that the magnetic currents will entirely pass off; for there 
would apparently be a force in operation which would tend to 
retain currents of a certain intensity in circulation. This is the 
mutual action of the contiguous positive and negative sides of 
two molecules, throughout the chain. It would seem that such 
a circular chain of particles would not, of necessity, attain to a 
condition of statical “ape seni but might reach a dynamical 
equilibrium ; in which the impulsive force, from each discharge 
brought about by the action of contiguous molecules, should 
restore the polarization lost by the discharge to the next pre- 
ceding molecule.’ 


* It is worthy of consideration, whether certain phenomena of luminosity, as 
phosphorescence, heat lightning, &c., may not have a similar origin, viz: in recur- 
ring discharges resulting from a previous molecular polarization, established by an 
electric discharge through the mass; or from a similar effect produced in a feebler 
degree by heat or light. 
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According to this view, permanent magnetization consists in 
polarizing the molecules, and it is this induced state which de- 
termines and maintains, in Opposition to all resistances, currents 
of a certain intensity. A certain amount of force (“coercive 
force”’), and a certain interval of time, are expended in develop- 
ing this polarization. At the same time it is only when this force 
is exerted with this result that permanent magnetism can exist. 
Heat, or a blow, or an electric discharge, by destroying the mo- 
lecular polarization, may demagnetize the bar. It is also to be 
observed that intense heat may demagnetize a bar, and destroy 
the susceptibility to magnetisin in iron or steel, by breaking up 
the groups of particles into which the mass is aggregated. 

Diamagnetism.—It has already been intimated that the dia- 
magnetic state into which certain substances, as bismuth, phos- 
phorus, antimony, &c., are brought by the action of a powerful 
magnet, probably consists in the circulation of currents around 
the compound molecules of the mass, in the opposite direction 
to the inducing current; and that these currents result from the 
second mode of operation of the external force of the primary 
current, (p. 65). Accordingly, the susceptibility to diamag- 
netism must arise from a special liability to expansion on the 
part of the electric atmospheres of the simple molecules, when 
urged upward by the ethereal pulses that fall upon their central 
atoms. 

Llectro-Magnetism.—The essential theory of the developement 
of magnetism by electric currents, and of electro-magnetic phe- 
nomena generally, is embraced in what has already been stated, 
(pp. 63-4-5). 

Magneto-Electricity.—The excitation of electric currents b 
magnetic action is a phenomenon of pure induction, and will 
be included under the next head. 

Induction of Electric Currents—The term induction, as ordin- 
arily used in Dynamical Electricity, has reference only to the 
development of currents, through wires, or upon the surfaces, or 
within the mass of bodies. It will suflice to confine our atten- 
tion to the origination of currents in wires forming a closed 
circuit. ‘The general idea of the process, as contemplated from 
our theoretical point of view, has already been indicated. The 
fundamental principle which covers the whole ground is, that 
whenever the action of the impulsive force of any current be- 
gins, or is on the increase, the induced current sets in the oppo- 
site direction to the inducing current; and when the same action 
terminates, or is on the decrease, the induced flows in the same 
direction as the inducing current. The rationale is, that the ethe- 
real pulses of the originating force fall upon the condensed ether 
at the central portion of each group of molecules, and urge out- 
ward the interstitial electric ether on that side of the group, 
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This determines a flow of a certain portion of the electric ether 
around to that side; and a consequent positive polarization on 
that side of the group, or compound molecule. While this 
process of polarization is going on, there must then be a flow of 
electricity from one compound molecule to the next, in the same 
direction in which the transfer of ether occurs within the mole- 
cules themselves, as an inevitable attendant upon the increasing 
polarization (p. 242). When the primary action becomes con- 
stant, there simply abides a state of static polarization,—an 
“electro-tonic state,”—in which an equilibrium prevails through- 
out the circuit. But when this action falls off, the polarization 
maintained by it must decline, and a current arise setting in the 
Opposite direction to the former one (p. 67). ‘The inducing 
current may be either electric, or magnetic, so-called. The in- 
crease of its action upon the adjacent wire may result either 
from the closing of the circuit in the case of a galvanic cur- 
rent, or the magnetization of the iron when a magnet is em- 
ployed; or from the approach of the current to the wire; or 
from a change in the position of the wire in the magnetic field, 
attended with an augmentation in the action of the external im- 
pulsive force exerted by all the circular currents of the magnet. 
A decrease in the polarizing effect of the inducing current may 
result from an interruption of the circuit, or a diminution in the 
force of the magnet, or a recess of the wire from the current, or 
a movement of the wire in the magnetic field attended with a 
diminished action of the entire impulsive force of the magnet. 

The oppositely directed currents induced by alternately clos- 
ing and breaking the galvanic circuit, when the two contiguous 
wires are formed into a hollow coil, are greatly augmented by 
inserting rods, or bundles of iron wire within the coil. The 
explanation of this is, doubtless, that the direct action of the 
galvanic current is reénforced by the magnetic currents which 
it develops in the iron. The other cases of induction above 
referred to need not be dwelt upon, with the exception of that 
resulting from the movement of a wire to different points of the 
magnetic field. 

This case has been subjected to a rigorous experimental analy- 
sis by Faraday, who has deduced from his researches the follow- 
ing general results. If a wire, forming part of a closed circuit, 
be held in a direction transverse to a magnet, and moved in the 
magnetic field, across the “lines of force,” or magnetic curves, a 
current will be induced in the wire. If the wire be moved in 
one direction across these lines of force, a current in a certain 
direction will arise, and if it be moved across them in the other 
direction, a current in the opposite direction will be induced. 
The quantity of electricity set in motion will depend upon the 
number of lines of force crossed by the moving wire, and not 
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upon the obliquity of the direction of the motion to these lines, 
Thus, if the wire be placed over the middle of the magnet, (m, 
fig. 9), and moved in any 
direction from this position, 
across the lines of force as 
shown in the figure, a cur- 
rent will be induced in it, 
running in the same direc- 
tion as the circular currents 
on the upper side of the mag- 
net; wa if the wire be mov- 
ed across these lines toward 
the middle of the magnet, a 
current will traverse the wire 
in the opposite direction. In 
each case the comparative quantity of electricity set in motion, 
will depend solely upon the comparative number of magnetic 
curves crossed, and not upon the line, mr, ms, or mt, along which 
the movement takes place. 

These facts are in entire accordance with the fundamental prin- 
ple of induction, stated on page 67. For, (1.) the impulsive 
force of the magnet, at any point of the field, is the resultant of 
the special impulsive forces due to all the circular currents of 
the magnet, and has the same direction as these currents in the 
upper face of the magnet. (2.) This resultant will have the 
greatest value at the middle of the magnet, m, and decrease in 
all directions from this point. (8.) The curves of equal impul- 
sive force correspond very closely to Faraday’s “lines of force.” 
For it will be seen on a little reflection, that the force will, be- 
yond a certain distance from the middle, if not from the very 
middle, decrease most rapidly parallel to the surface of the mag- 
net; and that the curves of equal impulsive force, proceeding 
from points on the ends of the magnet, will recede, over the 
middle of the magnet, to a greater distance from it than half its 
length. This is strikingly true of the curves that originate from 
near the center of each end; for at the very center, the force in 
question vanishes entirely, and therefore the curves for that 
point would be thrown to an infinite distance from the middle 
of the magnet. 

In making a comparative estimate of the impulsive force of 
the magnet in different parts of the field, it should be observed 
that in receding from the magnet the force that results from any 
one molecular current is the resultant of the opposing impulses 
propagated from the oppositely directed currents on the nearer 
and farther sides of the molecule, and that this not only depends 
upon the distance of the point from the molecule, but also upon 
the obliquity of the line connecting the two, to the plane of 
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the circular current. For the same distance the resultant will 
be greatest when the point lies in this plane, and zero when the 
point is opposite the center of the current. Bearing this in 
mind, it may readily be seen that if a line, uv, be drawn parallel 
to the axis of the magnet, at any distance from it, the impulsive 
force of the magnet, along this line, will decrease from the point 
n, opposite the middle of the magnet, indefinitely in both direc- 
tions. Also that the force will decrease along a line, as if, par- 
allel to the end, and vanish at o in the prolongation of the axis. 

To obtain a general expression for the intensity of the exter- 


nal impulsive force of the magnet, let ree 
abed, fig. 10, be a magnet, and let us _,, : 
regard its effective action uponany mole- 


cule, at f, as the result of the joint action 
of two sets of opposing currents, the one 
lying in the upper face ab, and the other 
in the lower face cd. Let nf=y, nr=z, 
nr’ =2', nb=u, na=v, ac=d, and m=coefficient of the impulsive 
force of an individual current. Then for the action of r upon f we 
mdz mdz m 
have ype? y tang 
For the entire action of nb, we have the definite integral 


and for the action of nr, 


tang _ In a similar manner we obtain, for the opposing 


action of od, >a ang ——. The effective impulsive action 
of the portion xodb of the magnet, will then be 
-lu m ‘ -l 
tang ——- 
yo 
The effective action of the other portion, naoc, of the magnet, 
wi —-——— tang ——. 
We therefore have, for the entire action of the magnet, 
w (tan tang) (tan +t ) 
— ang —— 


or, w ==" (are afb) — (are wae « 


y+d 
When y is large as compared with d, we have approximately 
w= (are afc + are b/d) 


‘To obtain the equation of the curve of equal impulsive force, 
let mn=a, and rm=t. Then nr=z=a2+t, and nb=u=x2+ 
+mb=a2+a, Also na=v=a—x. Hence, 


—{tang ——+tang ——])———(tang --—+tang ——)=<C....(c. 
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C here represents the constant intensity of the impulsive force 
of the magnet, for one curve. The value of C decreases as the 
distance of the curve from m, fig. 9, increases. The equation (b) 
shows that for the larger curves, except near the magnet, afce+ 
bfd, must vary in nearly the same ratio with the ordinate y, 
from one point to another of the curve. To the left of the line 
ak the arc afc becomes negative in equation (b). Equations (a) 
and (c) fail for y=0. 

The investigation here made proceeds upon the supposition 
that the breadth of the magnet is indefinitely small. If we sup- 
pose it to be indefinitely great, the action of each individual 
transverse current upon any point, /, fig. 10, would be inversely 
proportional to the distance of the current from this point,’ and 
it will be readily seen that the amount of force propagated to 7, 
within any angle, as mfr’, will be the same ib eens may be 
the value of jn. 

The equation for the value of the effective impulsive force will 
be approximately of the form 

k being a constant coefficient dependent upon the strength of 
the magnet,—/ and 1’ the parts of the length, ad, of the magnet, 
comprised between the angles afc and bfd subtended by the 
two ends,—and n, n’ the mean distances of these parts from 7. 
We approximate to this state of things in proportion as the 
magnet is supposed to be broader, and shorter and thinner; or 
in proportion as, with a magnet of given dimensions, the point 
/ is taken nearer to the magnet. 

Let us now replace Faraday’s lines of force by the curves of 
equal impulsive force of the magnet, and consider what should 
be the effect of moving a wire across them, along any line mr, 
ms, mt, &c., (fig. 9). 

It is obvious that if the movement be outward, the impulsive 
force taking effect upon the wire will decrease; and that if it be 
inward, the force will increase. Hence, agreeably to the funda- 
mental principle before alluded to, (p. 67,) in the first case there 
should a an induced current having the same direction as the 
currents of the upper face of the magnet; and in the second 
case a current pursuing the opposite direction. Again, the 
amount of change of force which results from the displacement 
of the wire, and therefore the quantity of electricity which 
this charge sets in motion, should depend solely upon the 
number of curves traversed. We may add that in whatever 
part of the magnetic field, and in whatever direction the wire be 

* The individual molecular currents lying in a transverse section of the magnet, 


are here supposed to be replaced by two linear currents transverse to the magnet, 
one in the upper and the other in the lower surface. 


) 
) 


72 W. A. Norton on Molecular Physics. 


supposed to move, the theoretical result is in perfect accordance 
with the facts as experimentally established by Faraday. 

In the foregoing we have supposed the wire, transverse to the 
magnet, to be moved parallel to itself to various points of the 
magnetic field; but Faraday has shown that a current may also 
be induced in the wire, by bending it into a curve and causing 
it to revolve around the magnet, after one end has been brought 
into contact with the equatorial part of the magnet, and the 
other with a wire or rod leading out 
from the pole, as shown in fig. 11. 
“A copper ring was fixed round and 
in contact with the equatorial part, 
and the wire, e, made to bear by 
spring pressure against this ring, and 
also against a ring on the axis.” The direction of the current 
changed with the direction of revolution. Corresponding cur- 
rents were also obtained by rotating the magnet in the opposite 
directions, the wire remaining fixed. ‘I'o explain these currents 
upon the principles now developed, we must first observe that 
the impulsive force of the magnet will impart a transverse polar- 
ization to the molecules of the wire. Now let a motion of rev- 
olution be imparted to the wire, in a direction opposite to that 
of the circulation of the magnetic currents, and the relative ve- 
locity with which the ethereal impulses will fall upon the mole- 
cules will be the sum of the velocity due to the impulse, and 
that of the molecules themselves in the opposite direction. The 
molecules at the end, e, of the wire, will therefore take on a 
higher polarization than is induced in the copper ring by the 
magnet simply. This polarization should be attended with a 
disturbance of the electric condition of the molecules in the 
direction of the length of the wire. There should, then, be an 
inequality in this disturbance at the point of contact, e. This 
inequality should originate a current that would pass around 
the circuit. Let v denote the velocity answering to the magnetic 
impulse, and v’ the velocity of revolution of the molecule at e. 
Then the effect due to the polarizing force at the end, e, of the 
wire, may be represented by m (v+v’)?, and that induced in the 
contiguous particles of the copper ring by mv?. The difference 
is mv'(2v+v’), which represents the electro-motive force of the 
current. If the wire were made to revolve around an unmag- 
netized bar, the originating force of the current would be mv’?, 
The electro-motive force just mentioned would exceed this nearly 
in the ratio of 2v tov’. A very high velocity of revolution of 
the wire would therefore be required to develop a sensible cur- 
rent, if the bar were unmagnetized. The above expression for 
the electro-motive force, viz, mv’(2v+-v’), which is nearly equal 
to 2mvv’, shows that this force is proportional to the velocity, v’, 
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of revolution of the wire. The entire force developed in ten 
revolutions of the wire should then remain the same, if the ve- 
locity of revolution should be changed, (as determined by Fara- 
day). If the magnet rotates in the opposite direction its im- 
pulses against the ether will be correspondingly increased, and 
the result will be the same. 

Faraday, in certain papers originally published in the Philo- 
sophical Magazine, and the Philosophical Transactions, has in- 
dulged in ingenious speculations upon the probable physical 
character of the lines of magnetic force, and distinctly intimates 
that he inclines to the opinion that they have in reality a physi- 
cal existence, correspondent to their analogues the electric lines,” 
instead of being simply “representants of magnetic power,” or 
lines of resultant magnetic action. In speculating upon the 
5 oogor in what this physical existence may consist, he remarks 
that ‘it may be a vibration of the hypothetical zther,” (along 
the lines), or astate or tension of that «ether equivalent to either 
a dynamic or a static condition, or it may be some other state.” 
The results arrived at, in the present paper, are opposed to these 
speculative ideas of the great English physicist, for our conclu- 
sions are that the lines upon which the phenomena of induction 
by a magnet depend are merely lines of equal magnetic action; 
but the action is that of a force whose existence has not hereto- 
fore been recognized, viz, the so-called impulsive force of the 


magnet. 
(To be concluded.) 


Art. IX.—On the Spectra of some of the Fixed Stars ; by WILLIAM 
Huaarys, F.R.A.S., and Prof. W. A. MILLER, V.P.R.S., and 
On the Spectra of some of the Nebule; by Witiiam Hue- 
cins, F.R.A.S. 


Mr. Huaerns and Prof. MILLER presented to the Royal Soci- 
ety of London, on the 26th of May, 1864, an important paper on 
the spectra of some of the fixed stars, and Mr. Huggins presented 
one on the 8th of September on the spectra of some of the neb- 
ule. By a peculiar adaptation of the spectroscope to a telescope 
of 10 feet focal length and 8 inches aperture, they were able to 
make a direct comparison of the spectra of the moon, planets, 
fixed stars, and nebule, with the spectra of the several chemical 
elements. The following are some of the more important points 
of the two papers. 

The result of the analysis of the light of the moon is wholly 
negative as to the existence of any considerable lunar atmos- 
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sphere. The spectra of the planets Jupiter, Saturn, Mars, and 
enus, agree essentially with the solar spectrum. Differences 
however exist which cannot be due to the earth’s atmosphere. 
The evidence afforded by the prism of the existence of atmos- 
heres around these planets is imperfect. This may be explained 
y supposing the light to be reflected from masses of clouds in 
the upper strata of thin atmospheres, and not from the surface 
of the planets, 


Observations on the Fixed Stars.—The number of fixed stars 
which we have, to a greater or less extent, examined amounts 
to nearly 50. We have, however, concentrated our efforts upon 
three or four of the brighter stars, and two only of these have 
been mapped with any degree of completeness. ‘These spectra 
are, indeed, as rich in lines as that of the sun, and even with 
these it may be advantageous to compare the spectra of addi- 
tional metals when the season is again favorable. 

« Tauri (Aldebaran).—The light of this star is of a pale red. 
When viewed in the spectroscope, numerous strong lines are at 
once evident, particularly in the orange, the green, and the blue 

ortions. The positions of about seventy of these lines have 
een measured. 

We have compared the spectra of sixteen of the terrestrial 
elements by simultaneous observation with the spectrum of Al- 
debaran, of course selecting those in which we had reason, from 
the observations, to believe coincidence was most likely to occur. 
Nine of these spectra exhibited lines coincident with certain lines 
in the spectrum of the star. They are as follows :—sodium, mag- 
nesium, hydrogen, calcium, tron, bismuth, tellurium, antimony, and 
mercury. 

Seven other elements were compared with this star, viz. nitro- 
en, cobalt, tin, lead, cadmium, lithium, and barium. No coinci- 
ence was observed. With nitrogen three strong double lines 

were compared, with cobalt one strong single line and a double 
line, with iin five lines, with /ead two strong lines, with cadmium 
three lines, with bariwm two of the strongest in the green, and 
with lithium the line in the orange, but were found to be with- 
out any strong lines in the star-spectrum corresponding with 
them. 

« Orionis—The light of this star has a decided orange tinge. 
None of the stars which we have examined exhibits a more 
complex or remarkable spectrum than this. 

The spectra obtained from sixteen elementary bodies were ob- 
served simultaneously with it. In five of these, viz. sodium, 
magnesium, calcium, iron, and bismuth, lines corresponding with 
certain stellar lines were found to exist. 

The bright green line so characteristic of thallium appears to 
coincide with one of the lines seen in the star-spectrum ; but this 


| 
! 
| 
| 
| 
} 


Messrs. Huggins and Miller on Spectra of Fixed Stars. 75 


line may be due to calcium, since the small difference between 
the position of the thallium line and that of one of the calcium 
lines very close to it, would not be distinguishable with the dis- 
persive power of the apparatus employed. 

In the spectra of the other elements which we compared with 
that of the star, no coincidences occur. ‘There is no line coinci- 
dent with the red line C of hydrogen ; but in the star are two 
strong lines, one on either side of the position of C: there is 
also no line coincident with F, It is strikingly confirmatory 
of this methed of analysis, that in all the stars hitherto ex- 
amined by us in which a line corresponding to C exists, that 
corresponding to I’ is also found. When F is absent, C is also 
wanting. In nitrogen three strong double lines were compared. 
In tn tive lines, and in lead two bright lines were compared, 
but no coincidence was found. 

The strongest of the gold lines approximates closely in posi- 
tion to one in the spectrum of the star, but it is probably not 
coincident. ‘Three of the strong lines of cadmium, two of silver, 
four of mercury, two of barium, and one (the orange line) of lith- 
cum, were observed to be not coincident with any of the lines 
visible in the star. In these comparisons, when barium was 
used, it was employed in the form of a nearly solid amalgam. 

% Pegasi.—The color of this star is a fine yellow. In the gen- 
eral arrangement of the groups, in the gradation of the strength 
of the lines composing the groups, and in the absence of the hy- 
drogen lines, this spectrum, though much fainter, is closely anal- 
ogous with the spectrum of «Orionis. Nine of the elements 
were compared with it. Two of these, viz. sodium, and magne- 
sium, and perhaps a third, viz. barium, furnish spectra in which 
there are lines which coinicide with lines in the spectrum of 
the star. 

The spectra of iron and manganese were also compared with 
that of the star, but the state of the atmosphere prevented any 
certain conclusion. ‘he lines in the spectra of nitrogen, tin, and 
mercury, were not coincident with any definite Jines in the star- 
spectrum. Neither of the hydrogen lines corresponding to C and 
F was ‘present. 

The absence in the spectrum of « Orionis, and also in the spec- 
trum of 3 Pegasi which so closely resembles it in character, of 
lines corresponding to those of hydrogen, is an observation of 
considerable interest. It is of the more importance since the 
lines C and F are highly characteristic of the solar spectrum and 
and of the spectra of by far the larger number of the fixed stars 
to which our observations have been extended. These excep- 
tions are further interesting as they seem to prove that the lines 
C and F are due to the luminous bodies themselves. Of this some 
doubt might be entertained, and it might be suspected that they 
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are in some way due to our own atmosphere, if these lines were 
present in the spectra of all the stars without exception. This 
absence of the lines corresponding to hydrogen is also the more 
entitled to consideration, since it is so rare to find them wanting, 
amongst the considerable number of stellar spectra which we 
have observed. 

Sirius.—Three if not four elementary bodies have been found 
to furnish spectra in which lines coincide with those of Sirius. 
viz. sodium, magnesium, hydrogen, and probably tron. 

The whole spectrum of Sirius is crossed by a very large num- 
ber of faint and fine lines. It is worthy of notice that in the 
case of Sirius, and a large number of the white stars, at the same 
time that the hydrogen lines are abnormally strong as compared 
— the solar spectrum, all the metallic lines are remarkably 

aint. 

« Lyre (Vega).—This is a white star having a spectrum of the 
same class as Sirius, and as full of fine lines as the solar spectrum. 

General Observations.—Probably in the constitution of the stars 
as revealed by spectrum analysis, we shall find the origin of the 
differences in the eolor of stellar light. Since spectrum analysis 
shows that certain of the laws of terrestrial physics prevail in the 
sun and stars, there can be little doubt that the immediate source 
of solar and stellar light must be solid or liquid matter main- 
tained in an intensely incandescent state, the result of an exceed- 
ingly high temperature. For it is from such a source alone that 
we can produce light even in a feeble degree comparable with 
that of the sun. 

The light from ineandescent solid and liquid bodies affords 
an unbroken spectrum containing rays of light of every refrangi- 
bility within the portion of the spectrum which is visible. As 
this condition of the light is connected with the state of solidity 
or liquidity, and not with the chemical nature of the body, it is 
highly probable that the light when first emitted from the photo- 
sphere, or light-giving surface of the sun and of the stars, would 
be in all eases identical. 

The source of the difference of color, therefore, is to be sought 
in the difference of the constituents of the investing atmospheres. 
The atmosphere of each star must vary in nature as the constitu- 
ents of the star vary; and observation has shown that the stars 
do differ from the sun and from each other in respect of the 
elements of which they eonsist. The light of each star therefore 
will be diminished by tke loss of those rays which correspond in 
refrangibility to the bright lines which the constituents of each 
atmosphere would, in the incandescent state, be capable of emit- 
ting. In proportion as these dark lines preponderate in particu- 
lar parts of the spectrum, so will the colors in which they oceur 
be weaker, and consequently the colors of other refrangibilities 
will predominate. 
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Observations on the Planetary Nebulea.—These wondrous objects 
present in the telescope slightly oval disks. For this reason they 
were placed by Sir William Herschel in a class by themselves. 
They present but little indication of resolvability. The color of 
their light, which in the case of several is blue tinted with green, 
is remarkable, since this is a color extremely rare amongst sin- 
gle stars. These nebula, too, agree in showing no indication 
of central condensation. By these appearances the planetary 
nebule are specially marked as objects which probably present 
phenomena of an order altogether different from those which 
characterize the sun and the fixed stars. On this account, as 
well as because of their brightness, I selected these nebule as 
the most suitable for examination with the prism. 

The numbers and description of the nebulz, are taken from 
the last Catalogue of Sir John Herschel. 

(87 H.IV. A planetary nebula in Draco, very bright; pretty 
small; suddenly Geialiter in the middle, very small nucleus. } 

On August 29, 1864, I directed the telescope armed with the 
spectrum apparatus to this nebula. At first I suspected some 
derangement of the instrument had taken place; for no spectrum 
was seen, but only a short line of light perpendicular to the direc- 
tion of dispersion. I then found that the light of this nebula, 
unlike any other ex-terrestrial light which had yet been subject- 
ed by me to prismatic analysis, was not composed of light of dif- 
ferent refrangibilities, and therefore could not form a spectrum. 
A great part of the light from this nebula is monochromatic, and 
after passing through the prisms remains concentrated in a bright 
line occupying in the instrument the position of that part of the 
spectrum to which its light corresponds in refrangibility. A 
more careful examination with a narrower slit, however, showed 
that, a little more refrangible than the bright line, and separated 
from it by a dark interval, a narrower and much fainter line oc- 
curs. Beyond this, again, at about three times the distance of 
the second line, a third, exceedingly faint line was seen. The 
positions of these lines in the spectrum were determined by a 
simultaneous comparison of them in the instrument with the 
spectrum of the induction spark taken between electrodes of 
magnesium. The strongest line coincides in position with the 
brightest of the air lines. This line is due to nitrogen, and 
occurs in the spectrum about midway between b and F of the 
solar spectrum. 

The faintest of the lines of the nebula agrees in position with 
the line of hydrogen corresponding to Fraunhofer’s F. The 
other bright line was compared with the strong line of barium ; 
this line is a little more refrangible than that belonging to the 
nebula. 
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Besides these lines, an exceedingly faint spectrum was just 

rceived for a short distance on both sides of the group of 
bright lines. I suspect this is not uniform, but is crossed with 
dark spaces. Subsequent observations on other nebulee induce 
me to regard this faint spectrum as due to the solid or liquid 
matter of the nucleus, and as quite distinct from the bright lines 
into which nearly the whole of the light from the nebulz is con- 
centrated. The color of this nebula is greenish blue. 

(6 2. A planetary nebula in Taurus Poniatowskii, very bright; 
very small; round; little hazy.] The spectrum is essentially 
the same as that of 37 H.IV. The three bright lines occupy 
the same positions in the spectrum, which was determined by 
direct comparison with the spectrum of the induction spark. 
These lines have also the same relative intensity. They are 
exceedingly sharp and well defined. The presence of an ex- 
tremely faint spectrum was suspected. In connexion with this 
it is important to remark that this nebula does not possess a 
distinct nucleus. The color of this nebula is greenish. blue. 

(73 H. IV. <A planetary nebula in Cygnus with a central star. 
Bright; pretty large; round; star of the 11th magnitude in 
the middle.] The same three bright lines were seen. Their 
positions in the spectrum were verified by direct comparison 
with the induction spark. In addition to these a spectrum 
could be traced from about D to about G of the solar spectrum, 
This spectrum is much stronger than the corresponding spec- 
trum of 37 H.IV. This agrees with the greater brightness of 
the central star, or nucleus. The opinion that the faint coutin- 
uous spectrum is formed alone by the light from the bright cen- 
tral point was confirmed by the following observation. When 
the cylindrical lens was removed, the three bright lines remained 
of considerable length, corresponding to the diameter of the tele- 
scopic image of the nebula; but the faint spectrum became as 
narrow as a line, showing that this spectrum is formed by light 
which comes from an object of which the image in the telescope 
isa point. Lord Rosse remarks of this nebula, “A very re- 
markable object, perhaps analogous to H. 450.” The color of 
this nebula is greenish blue. 

(51 H.IV. A planetary nebula in Sagittarius. Bright; very 
small; round.} This nebula is less bright than those which 
have been described. The two brigut«r of the lines were well 
defined, and were directly compared with the induction spark. 
The third line was seen only by glimpses. I had a suspicion of 
an exceedingly faint spectrum. ‘The color of this nebula is 
—— blue. Lord Rosse remarks, ‘‘ Center rather dark. The 
ark part is a little north preceding the middle. 

{1 it IV. An exceedingly interesting object in Aquarius. 
Planetary; very bright; small; elliptic.] The three bright 
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lines very sharp and distinct. They were compared for posi- 
tion with the induction spark. Though this object is bright, 
an indication only of the faint spectrum was suspected. This 
nebula contains probably a very small quantity of matter con- 
densed into the liquid or solid state. The color of the light of 
this nebula is greenish blue. Lord Rosse has not detected any 
central star, nor any perforation, as seen in some of the other 
planetary nebula. He represents it with ans, which probably 
indicate a nebulous ring seen edgeways. 

[57 M. An annular nebula in Lyra; bright; pretty large; 
considerably elongated.]|—The apparent brightness of this neb- 
ula, as seen in the telescope, is probably due to its large extent, 
for the faintness of its spectrum indicates that it has a smaller 
intrinsic brightness than the nebule already examined. The 
brightest of the three lines was well seen. I suspected also the 
presence of the next in brightness. No indication whatever of 
a faint spectrum. ‘The bright line looks remarkable, since it 
consists of two bright dots corresponding to sections of the ring, 
and between these there was not darkness, but an excessively 
faint line joining them. This observation makes it probable 
that the faint nebulous matter occupying the central portion is 
similar in constitution to that of the ring. The bright line was 
compared with the induction-spark. 

{18 H.1V. Planetary; very bright; pretty small, round, 
blue.J—With a power of 600 this nebula appears distinctly an- 
nular. The color of its light is greenish blue. The spectrum 
formed by the light from this nebula corresponds with that of 37 
H.1V. In the spectrum of this nebula, however, in addition 
to the three bright lines, a fourth bright line, excessively faint, 
was seen. ‘This line is about as much more refrangible than the 
line agreeing in position with F as this line is more refrangible 
than the brightest of the lines, which coincides with a line of 
nitrogen. 

[27 M. Very bright; very large; irregularly extended. 
Dumb-bell. In Vulpecula.|—The hght of this nebula, after 

assing through the prisms, remained concentrated in a bright 
ine corresponding to the brightest of the three lines. This line 
appeared nebulous at the edges. No trace of the other lines was 
perceived, nor was a faint continuous spectrum detected. The 
bright line was ascertained, by a simultaneous comparison with 
the spectrum of the induction spark, to agree in position with 
the brightest of the lines of nitrogen. Minute points of light 
have been observed in this nebula by Lord Rosse, Otto Struve, 
and others; the spectra of these bright points, especially if con- 
tinuous like those of stars, are doubtless invisible from exces- 
sive faintness. By suitable movements given to the telescope, 
different portions of the image of the nebula formed in the tele- 
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scope were caused successively to fall upon the opening of the 
slit, which was about ,'; inch by ;1; inch. This method of 
observation showed that the light from different parts of the 
nebula is identical in refrangibility, and varies alone in degree 
of intensity. 


In addition to these objects the following were also observed : 

[92 M. Very bright globular clusters of stars in Hercules.] 
The bright central portion was brought upon the slit. A faint 
spectrum similar to that of astar. The light could be traced 
from between C and D to about G. ‘Too faint for the observa- 
tion of lines of absorption. 

[50 H. IV. Very bright; large; round. In Hercules.] The 
— similar to that of a faint star. No indication of bright 
Ines. 

[31 M.] The brightest part of the great nebula in Androm- 
eda was brought upon the slit. The spectrum could be traced 
from about D to F. The light appeared to cease very abruptly 
in the orange; this may be due to the smaller luminosity of this 
part of the spectrum. No indication of the bright lines. 

[82 M. Very bright; large; round; pretty suddenly much 
brighter in the middle.} This small but very bright compan- 
ion of the great nebula in Andromeda presents a spectrum 
apparently exactly similar to that of 81 M. The spectrum ap- 

ars to end abruptly in the orange; and throughout its length 
Is not uniform, but is evidently crossed either by lines of ab- 
sorption or by bright lines. 

[55 Androm. Fine nebulous star with strong atmosphere.] 
The spectrum apparently similar to that of an ordinary star. 

[261V. Very bright cluster in Eridanus.] The spectrum 
could be traced from the orange to about the blue. No indica- 
tion of the bright lines. Several other nebule were observed, 
but of these the light was found to be too faint to admit of sat- 
isfactory examination with the spectrum apparatus. 

It is obvious that the nebule 37 H. 1V, 6 =., 73 H. IV, 51 H. 
IV, 1H. IV, 57 M, 18 H. IV, and 27 M, can no longer be regarded 
as aggregations of suns after the order to which our own sun and 
the fixed stars belong. We have in these objects to do no longer 
with a special modification only of our own type of suns, but 
find ourselves in the presence of objects possessing a distinct 
and peculiar plan of structure. 

In place of an incandescent solid or liquid body transmitting 
light of all refrangibilities through an atmosphere which inter- 
cepts by absorption a certain number of them, such as our sun 
appears to be, we must probably regard these objects, or at least 
their photo-surfaces, as enormous masses of luminous gas or va- 
por. For it is alone from matter in the gaseous state that light 
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consisting of certain definite refrangibilities only, as is the case 
with the light of these nebuls, is known to be emitted. 

Such gaseous masses would be doubtless, from many causes, 
unequally dense in different portions; and if matter condensed 
into the liquid or solid state were also present, it would, from 
its superior splendor, be visible as a bright point or points within 
the disk of the nebula. These suggestions are in close accord- 
ance with the observations of Lord Rosse. 

Another consideration which opposes the notion that these 
nebulz are clusters of stars is found in the extreme simplicity 
of constitution which the three bright lines suggest, whether or 
not we regard these lines as indicating the presence of nitrogen, 
hydrogen and a substance unknown. 

It is perhaps of importance to state that, except nitrogen, no 
one of thirty of the chemical elements the spectra of which I 
have measured has a strong line very near the bright line of the 
nebulz. If, however, this line were due to nitrogen, we ought 
to see other lines as well; for there are specially two strong 
double lines in the spectrum of nitrogen, one at least of which, 
if they existed in the light of the nebulz, would be easily visi- 
ble. In my experiments on the spectrum of nitrogen, I found 
that the character of the brightest of the lines of nitrogen, that 
with which the line in the nebulz coincides, differs from that of 
the two double lines next in brilliancy. This line is more neb- 
ulous at the edges, even when the slit is narrow and the outer 
lines are thin and sharp. The same phenomenon was observed 
with some of the other elements. We do not yet know the 
origin of this difference of character observable among lines of 
the same element. May it not indicate a physical difference in 
the atoms, in connexion with the vibrations of which the lines 
are probably produced? The speculation presents itself, whether 
the occurrence of this one line only in the nebule may not in- 
dicate a form of matter more elementary than nitrogen, and 
which our analysis has not yet enabled us to detect. 


Art. X.—Reactions of Gelatine; by M. CAnEY Lea, Philadelphia. 


I HAVE been occupied at times for some years past with the 
study of this very interesting substance, and propose here to 
describe a new reaction which I have observed, and which con- 
stitutes, I believe, the first colored reaction described as pro- 
duced between pure gelatine and a perfectly colorless reagent. 
It is true that the precipitate produced in gelatine solutions by 
gallotannic acid is much deeper in color than the precipitant. 
But the straw-yellow color of gallotannic acid naturally leads to 
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the expectation of colored combinations, whereas.in the case I 
am about to mention, the precipitant is colorless, and the pro- 
duction of a marked color seems to point to a more complete 
action than that of simple combination. 

When a piece of gelatine is dropped into an acid solution of 
pernitrate of mercury, it gradually assumes a strong red colora- 
tion, and after a time, dissolves in it completely at ordinary tem- 

ratures, to a fine red solution. This solution deepens a little 
1f boiled for some minutes. By chlorate of potash, the hot solu- 
tion is quickly decolorized, and passes to pale dirty yellow. 

This red coloration seems to require a certain amount of time 
for its production, which cannot be replaced by heat. Ifa piece 
of gelatine be immersed in the solution of protonitrate and boiled 
for some minutes it is dissolved but the solution thus obtained 
is not red, but yellowish. 

It is to be regretted that the reaction here described is not 
more delicate. It is only striking when tolerably strong solu- 
tions of gelatine are employed. When the solution is very 
weak, as for example, if the gelatine constitutes only one half of 
one per cent of the mixed liquids, the limit of the delicacy of 
the test is reached. Such a solution, by standing twenty-four 
hours, exhibits a light but distinct pink color. Although this 
delicacy is not what may be desired, still, colloid organic sub- 
stances are so comparatively difficult of qualitative detection 
as a general thing, that the method is not without value. 

The experiment was next extended to metagelatine. A neu- 
tral metagelatine was prepared in the following manner. 

Gelatine was set to swell in cold saturated solution of oxalic 
acid, and then a moderate heat was applied for a sufficiently long 
time for the mass to remain quite fluid when cold. It was then 
agitated with precipitated carbonate of lime until the whole of 

the oxalic acid was got rid of. Metagelatine prepared in this 
way was kept for months in a corked vial in a warm room with- 
out showing any disposition to putrefy. It was almost as fluid 
as water: perfectly neutral and almost insipid to the taste. 

With this metagelatine, the red coloration was produced even 
more decidedly than with ordinary gelatine. The addition of 
the acid solution of per-nitrate of mercury produced at first a 
whitish flocculent precipitate, which, by standing, acquired a 
strong red color, as did the supernatant liquid. 


Philadelphia, May 12, 1865, 
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Art, XI.—Influence of Gravity on Magnetic Declination ;' by 
Puryy Earue Cuasg, M.A., §.P.A.S. 


In my first communication on the diurnal variation of the 
barometer, [Proceedings A. P.S&., ix, 284], I expressed the belief 
that a careful investigation would “show a mutual connection 
through which all the secondary [disturbing] causes may be 
referred to a single force.” In my various subsequent papers, 
and especially in the one to which the Magellanic Premium was 
awarded, [op. citat. and Trans. A. P.S., vol. xiii, N.S., Art. VI], 
I pointed out various reasons for supposing that the primal uni- 
tary force is the same that controls the motions of the several 
stellar systems; in other words, the force of gravitation, or per- 
haps of simple undulation, which is manifested as heat in one 
of its subordinate forms, and as attraction in another. The 
numerical relations which I demonstrated between the disturb- 
ances of weight and of total magnetic force were certainly note- 
worthy, and to my own mind, extremely satisfactory, and as 
further investigations have afforded additional confirmation of 
my views, I desire to put upon record a brief notice of the gen- 
eral harmony which characterizes the gravitation cur- 
rents and the variations of magnetic declination. 

Preliminary investigations showed, as might have been 
reasonably anticipated, that the best quantitative results can be 
obtained from the observations at stations near the equator, and 
I therefore based my reasoning in great measure upon the St, 
Helena records and Maj. Gen. Sabine’s discussions, confirming it 
by such incidental references to other observations, as seemed 
available for the purpose. At the same time allusion was made 
(Trans. A. P.S., loc. citat., p. 182,] to researches now in progress, 
which may probably enable us to discover numerical relations, 
that will be equally satisfactory, from an examination of the 
observations in higher latitudes. While patiently and confi- 
dently awaiting the completion of those researches it may be 
well to present some considerations which will serve both as a 
corroboration of my own views and as a guide to the investiga- 
tions of others. 

The discussions of the magnetic and meteorological observa- 
tions at Girard College, [Coast Survey Reports, and Smithsonian 
Contributions], should be specially interesting to all Americans, 
and they are also among the most recent and valuable publica- 
tions on terrestrial physics. Fron them I quote the followin 
references to the most important and best established norma 
disturbances of declination. 


’ From the Proceedings of the Amer, Philosoph. Soc., April 21, 1865. 
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I. “The annual variation depends on the earth’s position in 
its orbit, the diurnal variation being subject to an inequality 
depending on the sun’s declination. ‘The diurnal range is 

ater when the sun has north declination, and smaller when 
south declination; the phenomenon passing from one state to 
the other about the time of the equinoxes.” [Part IT, p. 10. See 
also Toronto Obs., 2, xvii; St. Helena Obs., 2, exviii]. 

II. “At the hour of 6 or 7 in the morning, the annual varia- 
tion is a maximum, disappearing at a quarter before 10 A. M., 
and reaching a second (secondary) maximum value at 1 P. M. 
It almost disappears soon after 5 Pp. M., and a third still smaller 
maximum is reached after 9 P.M. Half an hour before mid- 
night, the annual variation again disappears. At (and before 
and after) the principal maximum, between 6 and 7 in the morn- 
ing, the annual variation causes the north end of the magnet to 
be deflected to the east in summer and to the west in winter; at 
1 p. M. the deflections are to the west in summer and to the east 
in winter. The range of the diurnal motion is thus increased in 
summer and diminished in winter; the magnet being deflected 
in summer more to the east in the morning hours, and more to 
the west in the afternoon hours, or having greater elongations 
than it would have if the sun moved in the equator. In winter, 
the converse is the case.” [Ibid. p.12. Compare St. Helena 
Obs., 2, exviii; Toronto Obs., I, xiv, and 2, xvi.] 

III. “According to the same authority,” [Gen. Sabine], “the 
annual variation is the same in both hemispheres, the north end 
of the magnet being deflected to the east in the forenoon, the sun 
having north declination; when in the diurnal variation, the 
north end of the magnet at that time of the day is deflected to 
the east in the northern hemisphere and to the west in the 
southern hemisphere ; in other words, in regard to the direction 
the law of the annual variation is the same, and that of the 
diurnal variation the opposite in passing from the northern to 
the southern magnetic hemisphere.” [Ibid., p. 13. Comp. St. 
Hel. Obs., 2, 1xxx, exviii.] 

IV. “The regular progression of the monthly values is a 
feature of the annua! variation deserving particular notice. 
There is no sudden transition from the positive to the negative 
side, or vice versd, at or near the time of the equinoxes (certainly 
not at the vernal equinox); on the contrary, the annual varia- 
tion seems to be regular in its progressive changes. The method 
here pursued is entirely different from that employed by General 
Sabine for the same end, but the results are, nevertheless, in 
close accordance.” It has been found that the transition takes 
place ‘“‘ten days after either equinox, and also that the turning 
+" occur ten days after the solstices.” [Ibid., p. 14. Comp. 
. Hel. Obs., 2, cxx.] 
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V. “The general character of the diurnal motion... is 
nearly the same throughout the year; the most eastern deflec- 
tion is reached a quarter before 8 o'clock in the morning (about 
a quarter of an hour earlier in summer, and half an hour later 
in winter), . . . the north end of the magnet then begins to 
move westward, and reaches its western elongation about a 
quarter after one o’clock in the afternoon (a few minutes earlier 
in summer). . . . The diurnal curve presents but a single 
wave, slightly interrupted by a deviation occurring during the 
hours near midnight, (from about 10 P. M. to 1 A. M.), when the 
magnet has a direct or westerly motion; shortly after 1 a.M. 
the magnet again assumes a retrograde motion and completes the 
cycle by arriving at its eastern elongation shortly before 8 o’clock 
in the morning. This nocturnal deflection is well marked in 
winter, vanishes in the summer months, and is hardly percept- 
ible in the annual curve. According to the investigations of 
General Sabine, it is probable that if we had the means of en- 
tirely obliterating the effect of disturbances, this small oscillation 
would almost disappear. In summer, when it has no existence, 
the magnet remains nearly stationary between the hours of 8 
P.M. and 3 A. M., a feature which is also shown by the annual 
type-curve.” [Ibid., p. 20. Comp. Hobarton Obs., 2, vi; St. Hel. 
Obs., 2, exi, exix, exx; Toronto Obs., I, xiv, 2, xvi.] 

VI. “The critical hours which vary least during the year are 
those of the western elongation and those of the morning mean 
declination. The extreme difference between the value for any 
month and the mean annual value, is 31 minutes in the former 
and 28 minutes in the latter.” [Ibid., p. 21.] 

VI. The curves of lunar-diurnal variation “show two east 
and two west deflections in a lunar day,” the westerly maxima 
“occurring about the upper and lower culminations,” and the 
easterly maxima “at the intermediate six hours. The total 
range hardly reaches 0’5. These results agree generally with 
those obtained for Toronto and Prague.” [Part. III, p. 8. Comp. 
St. Hel. Obs., 2, xxiii, Ixxxii, exliv; Toronto Obs., 3, Ixxxv.] 

VIII. “In comparing the easterly and westerly curves, the 
constant in Bessel’s formula comes out zero, and hence it is in- 
ferred that the moon has no specific action in deflecting the 
magnet by a constant quantity.” [Ibid., p. 10.] 

IX. “If we take the four phases into account, the lunar action 
seems to be retarded 10 minutes, which quantity may be termed 
the lunar-magnetic interval for the Philadelphia Station. At 
Toronto the intervals are not so regular.” [Ibid., p. 11.] 

X. “The characteristic feature of the annual inequality in the 
lunar-diurnal variation is a much smaller amplitude in winter 
than insummer. Kreil, indeed, inferred from the ten year series 
of the Prague observations, that in winter the lunar-diurnal va- 
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riation either disappears, or is entirely concealed by irregular 
fluctuations, requiring a long series for their diminution. The 
method of reduction which he employed was, however, less per- 
fect than that now used. The second characteristic of the ine- 
quality consists in the earlier occurrence of the maxima and 
minima in winter thdn in summer. The winter curve precedes 
the “Ty curve by about one and three-quarter hours.” [Ibid., 

. 12-13. 

: XI. The curves of semi-annual variation at all points where 
continuous observations have been made, present a striking sim- 
ilarity, the amount of deflection being nearly equal in all parts 
of the globe. [See diagram, Part IJ, p. 12. Comp. St. Hel. Obs., 
2, exix; Toronto Obs., 2, xvi, xvii.] 

Now it is evident that the mechanically-polarizing currents 
(Proc. A. P. S., ix, 367 sqq.) must be variously deflected at dif- 
ferent periods of the day, in consequence of gravitation-disturb- 
ances arising both from the varying distance of the sun and 
from solar heat. Although it may sometimes be desirable to 
consider the so-called thermal currents apart from those which 
would be produced independently of any change of tempera- 
ture, such a distinction is unnecessary in a preliminary qualita- 
tive investigation like the present, because the periods both of 
maxima and of minima are precisely coincident in the two cur- 
rents (except as they may be slightly modified by the earth’s 
radiant heat), and because even the thermal currents are occasioned 
simply and solely by the varying gravitation of fluids of varying 
density. 

Regarding, therefore, the air and ether over any given mag- 
netic meridian, during the day hours the intertropical and dur- 
ing the night the extra-tropical portions will be most drawn 
toward the sun, and the following deflections will be thus pro- 
duced in the portions nearest the equator : 


6tol2a.m. 12to6e.m 6tol2p.m. I12to6a.m 


Northern zones, S.E. S.W. S.E. S.W. 
Southern “ N.E. N.W. N.E. N.W. 


The night-disturbances, whether from variations of temperature 
or from simple fall toward the sun (the distance fallen varying 
as the square of the time from midnight), will be very slight. 
The earth’s rotation, centrifugal force, and the atmospheric iner- 
tia, tend to throw each of the phases forward and to increase 
the magnitude of the westerly, while they diminish the easterly 
deflections. If these modifications were sufficient to override the 
slight easterly tendency at 6 to 12 P. M., and to advance the 
phases one hour, the disturbances would assume the following 
forms, the change between 7 Pp. M. and 1 A. M. being scarcely, if 
at all, perceptible: 
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a.M. to P.M, lp, M. to 7 a.m. 


Northern zones, S.E. S.W. 
Southern “ N.E. N.W. 


At the equinoxes, the amounts of deflection in the northern and 
southern magnetic hemispheres should be equal; at other sea- 
sons the shortest lines would suffer the greatest displacement, 
the deflections being greatest in the northern zones from April 
to September, when the sun is in the northern signs, and in the 
southern zones from October to March, when the sun is in the 
southern signs. My experiments have shown that the compass- 
needle sympathizes with, and is to some extent controlled by, 
purely mechanical vibrations, and if in obedience to such con- 
trol it should tend to parallelism with the ethereal currents, a 
westerly disturbance of declination (the declination being always 
conventionally referred to the north pole of the needle) would 
correspond either to an equatorial southeasterly deflection of the 
southern or a northwesterly deflection of the northern extremity 
of a half-meridian, and an easterly disturbance to a southwest- 
erly deflection of the southern or a northeasterly deflection of 
the northern extremity. 

Substituting these declination values for the current-deviations 
to which they correspond, the almost precise accordance of theory 
and observation in the prominent features of the normal varia- 
tions of declination, may be seen by a reference to the following 
table: 

Daily maximum,’ Easterly. Westerly. 


Half-yearly “ April to Sept. } Easterly. Westerly. Morning. Evening. 
“« —« ~—“ Oct. to Mar? ) Westerly. Easterly. | Mean. | Mean. | Stationary. 


Theoretical, - - - - - | 7 AM. lem. | 10 am. 
Observed [Ito - - 6-8 “ 92 “ 


4PM. |7P.M.tolam. 
5 “ 8 “ge 


Gen. Sabine, in speaking of the opposition of the annual and 
semi-annual curves (St. Hel. Obs., 2, cxix), says, “these remark- 
able systematic dissimilarities may be regarded as sufficient in- 
dications of a difference in the mode of operation of the solar in- 
fluence in the two cases.” I am not aware that any attempt has 
hitherto been made to explain this apparent difference, or to 
show that it is only apparent, and may result from the action of 
a uniform law. I believe that I have now given the needed ex- 
planation, and since I have shown experimentally that the phe- 
nomena are such as should be produced by gravitation, it is rea- 
sonable to assume that they probably are so produced. The 
egal is increased by the disappearance of the night oscil- 

ation in summer (V), the probability that when it is observed 
it results from thermal disturbances, and the greater stability of 


* In the northern zones. ? Over the whole earth. 
* The bracketed references are to the numbered quotations from the Girard Col- 
lege discussions. 
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those critical hours which are nearest to the hours of maximum 
sun-ward gravitation (VI). The precise coincidence both in 
time and direction of the lunar-diurnal declination and tidal 
curves (VII), the unavoidable inference that the moon has no 
constant or specific magnetic action (VIID), the “ establishment” 
of ten minutes at the Philadelphia station (IX), the correspond- 
ence of the lunar and solar curves in the diminished winter am- 
plitude (X), and the uniformity at all stations of the semi-annual 
variation-curves (XI), are all necessary corollaries of my hy- 
potheses. 

The demonstration of a connection between the -daily and 
annual variations of magnetism and gravitation would be in- 
complete, if our theory could not be so extended as to explain 
the decennial and secular changes. For such an extension we 
are compelled to wait until further study and observation have 
more precisely defined the character and value of those changes, 
and suggested all the important gravitation-disturbances of long 

riod to which they may be plausibly referred. We may find, 

owever, in the attraction of Jupiter, one of the possible causes 
of the 10-11 year period, while nutation, precession, geological 
upheaval and depression, change of seasons, accumulation or 
diminution of polar ice, and the shifting position of the center 
of gravity of our planetary system, must all necessarily con- 
tribute to the production of gradual changes in the terrestrial 
gravitation currents. The belief does not therefore seem unrea- 
sonable, that the feeble vibrations of the tremulous needle may 
not only furnish us with a delicate scale for weighing (as we 
have already approximately done) the huge mass of the sun, 
but they may also aid us in the discovery and verification of 
other important cosmical phenomena, and the assignment of 
their appropriate laws. 

Although it is probable that terrestrial magnetism is mainly 
owing to currents circulating above the surface, it is well known 
that there are also earth-currents which exert an appreciable 
modifying influence. I am confident that they will be found 
equally obedient to the laws of gravitation, which affect every 
particle of the earth’s body, modifying the crystalline-polarity 
and cohesion of solids as well as the flow of liquids, and pro- 
ducing internal tides, which may contribute largely to that met- 
amorphism of stratified rocks which has been referred by geolo- 

ists to the agency of heated fluids and vapors. (See Rogers, 

a. Report, ii, 700; Lyell, this Journal, [2], xxxix, 22.) 

The inclination presents some anomalies that are difficult to 
explain, and whether we compare the solar-diurnal or the annual 
curves at the principal northern and southern stations, the “ in- 
dications of a difference in the mode of operation of the solar in- 
fluence in the two cases” seem as striking and perplexing as 
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they did to Hudson and Herschel in their examination of the 
influence of heat on the barometer (Proc. A. P.S., ix, 283), and 
to Sabine in his discussions of the semi-annual declination curves 
(St. Hel. Obs., 2, cxix). But the disappearance, in the progress 
of our investigations, of these once seemingly insurmountable 
difficulties,—the wonderful coincidence in the general features 
of the gravitation and magnetic currents,—and the a priori 
probability that all disturbed forces, of whatever character or 
variety, will tend constantly to a mutual equilibrium,—encour- 
age the belief that this apparent paradox may be likewise sus- 
ceptible of a simple interpretation, which will drive it from its 
latest lurking place. 

I can think, at this moment, of no more probable causes of 
the want of symmetry here spoken of, than the different distri- 
bution of land and water in the two hemispheres, and the influ- 
ence of powerful alternating land and sea breezes. A long series 
of connected observations at a number of new stations may per- 
haps be required, before it can be satisfactorily ascertained 
whether the disturbances thus occasioned are sufficient to ac- 
count for all the phenomena, but meanwhile it is interesting to 
observe the degree of accordance that exists, at northern inland 
stations like Philadelphia and Toronto, between the curves of 
vertical force and force of wind on the one hand, and those of 
horizontal force and barometric pressure on the other, as well as 
the agreement that has been pointed out by Dr. Lloyd and Mr. 
Homer, between the annual curves of declination and of temper- 
ature. 


Arr. XII.—Researches on the Volatile Hydrocarbons; by C. M. 
WARREN.’ 


Introductory Remarks.—While engaged, a few years since, in 
attempting to separate some of the constituents of coal-tar naph- 
tha by the common process of fractional distillation, I was forced 
to the conviction that that process could not be safely relied 
upon for anything like a complete and accurate analysis of such 
a complex mixture of liquids; and that, at best, the products 
thus obtained could not be regarded as anything better than re- 
mote approximations to pure substances ; leaving reason to fear 
that there might still be other bodies present, in less quantities 
perhaps, which had escaped detection. 

An examination of the results of previous researches on tars, 

troleums, etc., served in general to confirm the impressions 
induced by my own less extended experiments; and to increase, 


? From the Memoirs of the American Academy, (N. 8S.) ix, 135. 
Am. Jour. Sc1.—Seconp Seriges, VoL. XL, No. 118.—Jucy, 1865. 
12 
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rather than lessen, the doubts already existing in my mind as to 
the trustworthiness of the results which had hitherto been pub- 
lished concerning the neutral constituents of such mixtures. JIn- 
fluenced by these considerations, and by the belief that, if I could 
succeed in finding a process capable of effecting a more complete 
separation of the constituents ofsuch mixtures, it might probab] 
lead to the discovery of new bodies, lying between those whic 
had already been described,—I was led to undertake the re- 
searches, the results of which I am about to record. Even if this 
chief purpose should fail, I was convinced that the expenditure of 
labor in isolating those bodies in a state of greater purity, would 
be amply compensated by the much needed confirmation, or per- 
haps correction, of the results previously published, in addition 
to the valuable incidental evidence of the absence of other bodies 
which would thus be furnished. The results which I have ob- 
tained in the pursuit of this object are abundantly sufficient to 
show that I did not undervalue the work of my predecessors, 
nor over-estimate the importance of the work before me. 

The success which attended my efforts in search of a better 
process of separation has already been described in detail, in a 
memoir “On Fractional Condensation,” ete. (Memoirs of the 
American Academy, 1864, and the last volume of this Journal.) 

This new process was first applied, more especially for the 
purpose of testing its efficiency in the separation of benzole from 
coal-tar naphtha. This mixture was selected for the test on ac- 
count of the property which benzole possesses, in contradistine- 
tion from its associates, of being crystallizable at a low tempera- 
ture, thus affording an additional test of the purity of the product 
which might be obtained by the process of fractioning. Some- 
what to my surprise I found that, after only the fifth series of 
fractionings, I had obtained benzole so nearly pure that the whole 
of it would distil from a tubulated retort between 80° and 81° 
C.; and that when congealed, which was effected by placing the 
containing bottle in pounded ice, not a drop of liquid could be 

oured from the mass of crystals. From this result,—which, at 
east, indicated a near approximation to purity,—taken in con- 
nection with other favorable indications, 1 felt confident that I 
had accomplished my first object, and had found a process that 
could, in all probability, be successfully applied in the study of 
the petroleums, which up to that time (1861) had baffled every 
attempt to resolve them into their proximate constituents. 

Being naturally anxious to apply the new process in this seem- 
ingly more promising field of inquiry, I at once suspended, for 
the time being, my operations on coal-tar naphtha, and com- 
menced simultaneously the investigation of Pennsylvanian petro- 
leum, and of the oils distilled from Albert coal (from Hilisboro, 
New Brunswick) in the process of manufacturiug illuminating 
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oil. These two substances, neither of which had ever been 
made the subject of special scientific investigation, were selected 
as being fair representative types, on the one hand of the native 
liquid petroleums, and on the other of the artificial coal oils. 
The comparative study of these two substances seemed to promise 
additional interest on account of the close analogies which they 
present, especially when this circumstance is considered in con- 
nection with the fact of their great diversity of origin. This is 
the limit which at that time was assigned for these researches; 
my intention being, so soon as the separations and analyses 
should be completed, and the boiling-points and some of the 
other more important physical characteristics determined, briefly 
to publish the results, together with the process of fractioning,— 
preliminary to a complete memoir at a more advanced stage of 
the work. Before this work had been accomplished, however, 
it became evident that the bodies contained in these mixtures 
could not be studied so satisfactorily by themselves as in compar- 
ison with other series of hydrocarbons, especially with reference 
to certain important questions of more general interest; for ex- 
ample, the question in regard to the increment of boiling-point 
corresponding to the addition of C,H, in homologous series. 
It was therefore deemed advisable to extend the inquiry so as to 
include the naphthas from eoal- and wood-tars, and the oil of cu- 
min. And there are still other mixtures of hydrocarbons, that 
have been made the subject of previous research which must yet 
be brought into the works, in order to clear up, in a satisfactory 
manner, the confusion and obscurity that seem to exist in our 
publications regarding some questions relating to the different 
series of this class of bodies. 

This digression from, my original plan having caused much 
additional labor has necessarily delayed publication longer than 
was desirable, until now the results of more than three years of 
work have accumulated. In this connection I may remark, so 
far as regards petroleum, that I had nearly completed the frac- 
tional separations—except of the bodies of high boiling-point— 
so long ago as June, 1862, having been for a long time occupied 
with this work before the appearance, in that month, of the first 
memoir of Pelouze and Cabours on the same subject. At that 
time my work was considerably in advance of theirs, and their 
results differed widely from mine in some important particulars ; 
yet after the publication of their memoir I felt reconciled to a 
continuance of the delay which had been caused by the change of 
plan above mentioned, considering it due to these chemists that 
they should have time to complete the publication of the results 
of their investigations before I should publish mine. Similar 
remarks might be made respecting the first publication of Schor- 
lemmer, which appeared soon after, on the preducts of distillation 


‘ 


92 C. M. Warren on the Volatile Hydrocarbons. 


of cannel coal; this substance being so closely analogous to the 
Albert coal (upon the products of which I had at that time been 
long engaged) as to induce the belief that, under the same cir- 
cumstances, either would afford the same products. 


L—Own tae Votatitze Hyprocarsons From Coat-TtaR Naputua, OIL 
or Cumin, anp Cuminic 


Part I.—Hydrocarbons from Coal-tar Naphtha. 


In presenting the results of a re-examination of a series of sub- 
stances upon which so much labor had already been bestowed, 
and upon the nature and properties of which so little doubt has 
seemed to exist, it may confer an interest on the subject to state 
briefly some of the more important results and conclusions that 
previous investigators have arrived at in the study of these 
substances. 

The discovery by Faraday,’ in 1825, of benzole (“ bicarburet- 
ted hydrogen”) in the oil compressed from oil-gas, rendered it 
highly probable, and indeed led this distinguished philosopher 
to suspect, that this substance might be found in coal-tar naphtha. 
His search for it, however, proved unsuccessful, it having been 
first detected by Hofmann in 1845. This chemist, however, 
did not attempt to isolate this body, and the bare fact of its pres- 
sence appears to be all that was definitely known of the compo- 
sition of coal-tar naphtha prior to 1849, in which year Mansfield* 
published his elaborate and valuable research, being the first 
effort at a proximate analysis of this mixture which appears to 
have been attended with any considerable measure of success, 
Although a fatal accident, while engaged in his experiments, 
|e seman Mansfield from completing the investigation which he 

ad so well begun, yet the work that he had already published 
in an unfinished state must always be regarded as having con- 
tributed much towards a clear and definite knowledge of the 
nature of the neutral pyrogenous oils contained in coal-tar 
naphtha. Indeed, it may be said that little has since been added 
to our knowledge on this subject. Notwithstanding the incom- 
pleteness of his separations of the hydrocarbons, the extent to 
which he had carried them with the limited means employed is 
truly remarkable, and could not have been accomplished with- 
out an expenditure of labor, and a degree of patient endurance, 
which only those who have experienced the tediousness of such 
operations can appreciate. 

Mansfield claimed to show that the light coal-tar naphtha is 
composed of a mixture of four distinct hydrocarbons, boiling 

? Philosophical Transactions of the Royal Society, 1825, cxv, 465. 


* Annalen der Chemie und Pharmacie, 1845, lv, 200. 
* Quarterly Journal of the Chemical Society, 1849, i, 244. 


C. M. Warren on the Volatile Hydrocarbons. 93 


within the range of 80° to 175° C.; and probably having the 
= formula C, Hy. The first of these, which he found to 
il constant at 80°, was — to be identical with benzole, 
C,,H,. Thesecond, boiling at about 113°, was determimed, 
from certain reactions, to be identical with toluole,C,,H,. The 
special study of this body was deferred, however, with the re- 
mark that it had not yet been isolated in a state of sufficient pu- 
rity to claim an analysis. The third body, boiling at about 140° 
to 145°, was said to present all the characteristics of cumole, 
C,,H,,; but this view was not founded on a careful study and 
comparison of the chemical or physical properties of these bodies, 
but was merely an expression of opinion in advance of anticipa- 
ted results. Of the fourth body, boiling at about 170° to 175°, 
Mansfield remarks that it bears so strong a resemblance, in odor 
and other properties, to cymole, C, ,H, ,, as to induce the belief 
that this substance is identical with the hydrocarbon existin 
in oil of cumin. It thus appears that of the four bodies whic 
Mansfield detected in coal-tar naphtha, benzole is the only one 
which he had studied in any detail. Indeed he distinctly states 
that the others had not yet been isolated in such a state of purity 
as to entitle them to analysis. And yet his conjectures as to the 
identity of these bodies, thrown out by way of preliminary no-, 
tice of results which were acknowledged to be incomplete and 
inaccurate, have nevertheless been extensively quoted, and gen- 
erally received as established facts. In addition to the bodies 
already mentioned, Mansfield also detected the presence of a 
body more volatile than benzole, having an alliaceous odor, 
which he found to boil between 60° and 70°. Ritthausen*® made 
a re-examination of the light coal-tar naphtha, in order to obtain 
the hydrocarbons in a state of greater purity, and to prove the 
correctness of Mansfield’s view of the composition of this naph- 
tha. In regard to the results which he obtained, he says they 
\ fully confirm those of Mansfield. Of the body which Mansfield 
designated as probably identical with cymole, and of the oil 
more volatile than benzole, Ritthausen obtained quantities too 
small to admit of investigation. In regard to the latter, how- 
ever, he remarks,* that to Mansfield’s account he can add, that 
“its nitro-product quite resembles that of benzole, and hence 
that at all events it belongs to the series C, Hy, and perhaps 
has the formula C,,H,.”’ It is to be regretted that Ritthausen 


® Journal fiir praktische Chemie, 1854, Ixi, 74. 
*«Tch kann den Angaben von Mansfield iiber das letztere nur das hinzufiigen, 
das seine Nitroproducte denen des Benzols, etc. ganz ahnlich sind, daher es jedenfulls 
der Reihe CpHn-6 angehort und vielleicht die Formel besitzt. 

7 On a future occasion I shall show that Ritthausen was in error in placing this 
body in the benzole series, and indeed in considering it as a hydrocarbon at all. 
He was evidently deceived by operating on a mixture containing benzole. Further- 
more, as Mansfield suggested might be possible, that part of the naphtha more vola- 
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also omitted to analyze and determine the vapor density of any 
one of these substances, he having added, therefore, nothing 
more than aconfirmation of the results of Mansfield. He gives 
the boiling-point of benzole at 80°, of toluole at 109°, and of the 
so-called cumole at 139°-140°, which will be found to agree very 
nearly with my own determinations. Church,* in the following 
year, published a paper on the ‘Determination of Boiling- 
points” in the “ Benzole Series.” I cannot better present his 
results than by quoting the following table :— 


Formula. Boiling-point. Difference. 
Benzole, C,,H, = C, 3(C, H,) 29%9 
Toluole, =C, 4(C, H,) 
Xylole, H,, = 126°2 99°-9 
Cumole, Hig = 6(C,H,) 
Cymole, Cy. H,, = 7(C, 170°°75 


Church states that he obtained all of these bodies from coal- 
naphtha, and also that he obtained benzole from benzoic acid, 
toluole from toluylic acid, xylole from woodspirit, cumole from 
cuminic acid, and cymole from oil of cumin; and that he has 
found the corresponding bodies from these different sources to 
be identical. It will be observed that Church claims to have 
found in coal-tar a body boiling at 126°-2, which he calls xylole, 
thus supplying from this source a fifth member of the benzole 
series; whereas Mansfield and Ritthausen found only four bodies 
within the range of temperature indicated by the table. It will 
also be observed that his determination of the boiling-point of 
toluole is much lower, and that of cumole much higher, than 
the corresponding determinations of Mansfield and Ritthausen ; 
thus giving room for a middle member between them, and pre- 
serving a remarkable uniformity of difference—viz. 22° and a 
fraction—between the boiling-points of any two contiguous mem- 
bers of the series, for the addition of C,H,. 

That the earlier investigators had found in coal-tar naphtha 
only the two lower members (C,,H, and C,,H,) and the two 
a members (C,,H,, and C,,H,,), indicating the absence 
of the middle member (C,,H,,) of the benzole series, was 
always to me an anomaly which I could not reconcile with 
any plausible theory in regard to the formation of these bodies; 
and I was led, therefore, to question whether this body had 
not been overlooked in making the separations. The alleged 
discovery of this body in coal-naphtha by Church, together with 
tile than benzole is by no means composed of a single substance. Having had a 
large quantity of this volatile material at my command, I have been able to obtain 
the separate constituents apparently in a state of great purity. Of the two bodies 
separated, one of them boils constant at about 40°, and the other near 0°. Both are 
compounds containing sulphur, and therefore will more properly form the subject 


of a separate paper. 
“ Philosophical Magazine, 1855, [4], ix, 256. 
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the beautiful uniformity of the boiling-point difference through- 
out the series which he presented, and the apparent care with 
which the whole research had been conducted, led me to regard 
his results as being more reliable than those which had previously 
been published. I remained under this conviction until I had 
discovered the boiling-point difference of 80° in other series of 
hydrocarbons,’ which led me to doubt the accuracy of Church’s 
determinations of boiling-points, and to consider those of Mans- 
field and Ritthausen as probably more correct. 

In the first paragraph of his paper, Church remarks that, 
“although doubts still remain as to the relations of these bodies 
to one another, yet their composition has been ascertained with 
certainty.” It does not appear, however, that an analysis or 
vapor density of any one of the members of this series, as ob- 
tained from coal-tar, except benzole, had ever been published. 

As already indicated by the title of his paper, it appears to 
have been the design of Church to treat only of the boiling- 
points of these bodies; yet finding that his preparations of 
toluole—prepared both from coal-naphtha and toluylic acid—gave 
a boiling-point differing considerably from observations previously 
published, he took occasion to make analyses of his preparations 
of this substance, which he regards as “ perfectly satisfactory ;” 
and adds that ‘‘the details and numerical results of these analy- 
ses, and of many others which the present inquiry necessitated, 
the limits and special object of the present paper do not admit 
of my giving here.” As he’ undertook to correct the work of 
his predecessors, to do which fairly would seem to require the 
publication of these “ details and numerical results,” their omis- 
sion is to be regretted, the more since he found space and pur- 
pose for matter apparently less relevant to his special subject. I 
am prompted to these remarks from having been led to under- 
take the tedious task of making a re-examination of coal-tar 
naphtha mainly on account of the disagreement between 
Church’s determinations, which I have found to be mostly in- 
correct, and those which had been previously published. 

In addition to the bodies mentioned in the foregoing table, 
Church alludes to the discovery of two other bodies, boiling re- 
spectively at 97° and 112°. ier in a “ Note on Para- 
benzole, a new Hydrocarbon from Coal-Naphtha,”” he publishes 
the details of an investigation of the former of these two bodies, 
which he finally found to boil “ perfectly constant at 97°°5,” and 
to be isomeric with benzole. 

I think I shall be able to show in the following pate 

1. That coal-tar naphtha contains only four hydrocarbons 
within the range of 80° to 170°, as taught by Mansfield, and 
confirmed by Ritthausen. 


* See a following Memoir on this subject. 
® Philosophical Magazine, 1857, [4], xiii, 415. 
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2. That the benzole series within that range of temperature 
is limited to four members, and therefore does not contain five, 
as has been generally supposed. 

8. That these four members have the boiling-points 80°, 110°, 
140°, and 170 respectively ; and consequently that the boiling- 

int difference in this series, for an elementary difference of 
0,H,, is 30°, instead of 22° and a fraction as alleged by Church. 

4. That the body obtained from coal-tar naphtha, boiling at 
140°, is not identical with cumole from cuminic acid, as assumed 
by Mansfield, nor even isomeric with it; but that it has the 
formula which has been assigned to xylole, containing C,H, 
less than that of cumole. 

5. That the body obtained from coal-tar naphtha, boiling at 
170°, is quite a different body from cymole obtained from oil of 
cumin,—with which it has been considered identical, as assumed 
by Mansfield,—these bodies differing from each other by C,H,. 

6. That cumole from cuminic acid, and cymole from oil of 
cumin, do not even belong to the benzole series. 

7. That the Parabenzole of Church was in all probability only 
a mixture of benzole and toluole. 


Of the Quality of Naphtha employed in this Investigation —As 
I have taken occasion to question the existence in coal-tar naph- 
tha of two of the substances which it has been said to contain, 
—viz. cymole, C,,H,,, and parabenzole, C,,H,,—it is a mat- 
ter of some importance that I shquld clearly state the kind or 
quality of the naphtha employed. The tar from which this 
naphtha was obtained was a mixture of the tar furnished by the 
following companies, viz. the New York and the Manhattan 
Gas-Light Companies, of New York; Brooklyn Gas-Light Com- 
pany, of Brooklyn, N. Y.; Albany Gas-Light Company, of 
Albany, N. Y.; and the Gas-Light Companies of Newark and 
Jersey City, in New Jersey. It was mostly made from Cannel 
and Newcastle caking coals, which were imported from Liver- 
pool, and mixed in the proportions of one-third to five-eighths 
Cannel, to two-thirds to three-eighths Newcastle. In some of 
the works a portion of the caking coal was from mines in Penn- 
sylvania. The tar from these different gas-works, as regularly 
received at the naphtha manufactory, was poured into a large 
tank provided for this purpose. The stills were uniformly 
charged with tar directly from this tank; so that there can be 
no doubt that the naphtha employed was made from a mixture 
of the tar supplied by the six different companies above enu- 
merated. Most of the gas-works referred to are large, the an- 
nual production of tar amounting in the aggregate to upwards 
of 50,000 barrels. It does not appear, therefore, that the ab- 
sence of the bodies in question from the naphtha which I have 
employed, can be attributed to any peculiarity of the tar. The 
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naphtha was prepared in a manufactory in New York over 
which I had at that time personal eee and was purified un- 
der my own direction. The process of purification did not dif- 
fer essentially from that in common use in England, the reagents 
employed being oil of vitriol and alkali. One hundred barrels 
of the purified naphtha were subjected, under my personal su- 
perintendence, to repeated fractional distillation from an iron 
still. The chief object in operating on so large a quantity 
was to insure the detection of any constituent which might be 
present in small proportion. The process of fractioning was 
continued on this large scale until the separations had so far 
progressed, that at certain temperatures a full barrel of distillate 
would come off from the ten-barrel still employed, without a 
variation of more than one or two degrees of the thermometer. 
Finally, a sample gallon was taken from each of the barrels com- 
posing the last series of products, and these samples were set 
aside for this investigation, which was afterwards conducted in 
the laboratory. 


Of the Results of Fractional Condensation.—Such of the sam- 
ples above mentioned as promised to yield the different constit- 
uents of the naphtha in the largest proportion were subjected 
to repeated series of fractionings by my process of “ Fractional 
Condensation.”"" As full details of this process have already 
been given in the memoir referred to, it will be needless to re- 
peat them here. It will suffice to say that the fractioning in 
this case was conducted in all respects as there described, and 
continued until the whole of the naphtha taken, boiling between 
80° and 170°, had accumulated at the four points already indi- 
cated, viz: at 80°, 110°, 140°, and 170°; or so nearly the whole 
that the intermediate quantities had become too small to admit 
of being further operated upon. Waving, therefore, so thor- 
oughly exhausted the intermediate fractions, I can have no hesi- 
tation in asserting that no other body than those alluded to was 
— in the naphtha,—at least, in appreciable quantity,— 

ence, that the parabenzole of Church was probably only a mix- 
ture of benzole and toluole. I may here remark that each of 
the sample-gallons employed, when subjected to my process of 
fractioning, was found to contain, in variable proportion, all of 
the constituents of the naphtha. 


Of some of the Properties of the Bodies obtained by Fractioning.— 
1, BENZOLE.—Specific gravity, 0°8957 at 0°, and 0°882 at 15°°5.” 


"™ Memoirs of the American Academy, 1864, and last volume of this Journal. 

* It would appear that the specific gravities of liquids are usually determined 
at the temperature of the air. The result of this is that the determinations made 
by different observers are not comparable with one another. That these specific 
gravities are not uniformly taken at 0° C.—the temperature which, on account of 

Am. Jour. Sc1.—SEconD Series, Vou. XL, No, 118.—Jvuny, 1865, 
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Determination of Boiling-point—This experiment was con- 
ducted in a tubulated retort, operating on 150-200 c.c. of the 
benzole, containing some pieces of sodium. The benzole em- 
ployed had previously been repeatedly boiled with sodium, until 
the latter ceased to have any action. The thermometer bulb 
extended into the liquid” nearly to the bottom of the retort. 
A second thermometer was attached, by means of flexible bands, 
to the side of the one in the retort; the bulb being placed, dur- 
ing ebullition, at a point midway between the center of the cork 
(—5°) and the upper end of the mercurial column, viz: at 35°. 
A fe ned screen, closely fitting the thermometer spindle, was pla- 
ced across at the top of the cork. With the retort neck slightly 
inclined upward, and cooled to prevent the escape of vapor, 
ebullition was continued for a considerable time, until the mer- 
cury in the thermometer ceased to rise. The lamp being removed 
for the moment, the neck of the retort was then turned down- 
ward, and quickly inserted in a Liebig’s condenser. On replac- 
ing the lamp, distillation commenced almost immediately at 79°. 


Observations.— 
Time. 


79:0 at 2.40 
79:2 “ 2.45 


Temper. by side thermom. 


5 minutes, 


“ 


‘ 


ater convenience, etc., is geuerally acknowledged to be preferable—is probably 

ue to the fact that the more common specific gravity bottle is not suited to this 
purpose. Indeed, with a volatile body that bottle cannot serve for 
an accurate determination at any temperature. A reform in this re- 
= being highly desirable, I would call attention to a specific — 

ttle which [ obtained a few years ago from Fastré, in Paris, whic 

is admirably adapted for taking specific gravities, even of volatile 
liquids, at « low temperature. The accompanying figure represents 
this bottle one-half its natural size. Who was the author of this 
particular form I am not informed, although it may have been 
already noticed in some publication. A bottle analogous to this is 
ry by Schiel (*Einleitung in das Studium der organischen 
Chemie,” page 76); but his bottle has an oval bottom, which makes 
it less convenient. The particular advantage of this bottle over the 
more common one, which advantage Schiel omits to notice, consists 
in this: that the space or chamber above the line on the capillary 
neck is large enough to allow for the expansion of the liquid conse- 
quent upon the elevation of temperature from 0° to that of the sur- 
rounding air; and that the ground stopper fits so closely that no 
perceptible loss from evaporation can take place during the time 
occupied by an experiment. 

In order to furnish determinations of the specific gravities of the 
bodies to be treated of in these researches, which shall be comparable with corres- 
ponding determinations by other observers, I shall generally record one or more 
special determinations made for this purpose. 

% For critical remarks on the question of propriety of placing the thermometer 
bulb in the liquid, etc.; and for further details of the method of taking boiling- 
points, especially at low temperatures, see a following memoir, “On the Influence 
of C,H, on the boiling-points in Homologous Series of Hydrocarbons,” ete. 
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Distillation therefore occupied one hour and ten minutes, during 
which time the thermometer rose only 0°°6, being fifty minutes 
in rising 0°-2 from 79°-4 to 79°6, at which temperature it had 
distilled nearly to dryness. Height of the barometer during the 
experiment reduced to 0° =761-'9™™, Taking 79°-4, this being 
the average of the last five observations, and applying the cor- 
rections for the upper column of mercury, and for atmospheric 
pressure, according to the directions given by Kopp," we find 
the corrected boiling-point of benzole to be 80°°1. 


Analysis.—0°2339 gram of benzole gave, by my process” of 
combustion in a stream of oxygen gas, 0°7903 of carbonic acid, 
and 071683 of water. 

Calculated. Found. 
Carbon, Cy 72 92°31 92°15 
Hydrogen, 6 7°69 7:99 


78 10000 10014 
Determination of Vapor Density.— 
Temperature of balance, 15° 
Temperature of oil bath, 171° 
Height of barometer, 764°1™™ at 9° 
Increment of balloon, 0°2447 
Capacity of balloon, 265 c. €. 
Density of vapor found, 2°688 
Theory, C,,H,=4 volumes, 2-698 


2. ToLvOLE.—Specific gravity, 0°8824 at 0°, and 0°872 at 15°. 

Determination of Boiling-point.—The preparation employed for 
this determination had also been repeatedly boiled with sodium 
until the latter ceased to have any action upon it. Operating in 
this case also upon a pretty large quantity, the distillation occu- 
pied about an hour. The experiment was conducted as detailed 
under the head of benzole. Distillation commenced at 110°°6; 
two minutes later, the temperature had fallen to 110°-4, at which 
point it remained absolutely constant during the lapse of forty- 
eight minutes. Five minutes later the temperature had risen 
again to 110°°6; and five minutes later to 110°°8, at which 
point, having distilled nearly to dryness, the operation was sus- 
pended. The corrections for pressure (—0°-16) and for the upper 
column of mercury—which, with the thermometer used in this 
experiment, was only 7° in length,—gives 110°’3 as the corrected 
boiling-point of toluole. Chureh** remarks that toluole, when 
distilled in the ordinary manner, is liable to become oxydized, 
and its boiling-point thereby raised, in wecayy “ager of the upper 
part of the retort becoming heated above the boiling-point of 
toluole. He found that toluole which, by ordinary distillation, 

* Poggendorff’s Annalen, 1847, xxii, 38. 


%® Proceedings of the American Academy, 1864, p. 251, and this Jour., xxxix, 326, 
** Philosophical Magazine, 1855, [4], ix, 256. 
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had come over between 108° and 109°, would distil eight-tenths 
between 103° and 104°, after repeated purification with sodium. 
I would therefore state that my preparation of toluole was never 
subjected to a temperature above its boiling-point; and that I 
have never noticed any reduction of the boiling-point of this 
body by purification with sodium. 

Analysis.—0°1628 gram of toluole gave, by combustion in a 
stream of oxygen gas, 0°5447 of carbonic acid, and 0°1315 of water. 
Calculated. Found. 


Carbon, Ox 84 91:3 91:20 


Hydrogen, H, 8 87 8:97 
92 
Determination of Vapor Density.— 
Temperature of balance, 17° 
Temperature of oil bath, 209° 
Height of barometer, 760°1™™ at 15° 
Increment of balloon, 0°287 
Capacity of balloon, 249°5 
Density of vapor found, 3°2196 
Theory, C,,H,=4 volumes, 3°1822 


3. XYLOLE (Cumole of Mansfield and Ritthausen).—Specific 
gravity, 0°878 at 0°, and 0°866 at 15°. 

Determination of Boiling-point.—This determination was made 
in all respects like that of benzole, the xylole employed having 
been also subjected to the same treatment. The quantity ope- 
rated upon was, however, smaller, and the experiment conducted 
more rapidly. Distillation began at 1388°-6, and terminated at 
139°, having distilled almost to dryness. The time occupied 
was seventeen minutes. Taking the average of these observa- 
tions, viz: 138°°4, and applying the customary corrections, we 
find 139°8 to be the corrected boiling-point of xylole. 

Analysis.—0°1333 gram of xylole gave, by combustion in a 
stream of oxygen gas, 0°4413 of carbonic acid, and 0°1185 of water. 


Calculated. Found. 
Carbon, Cue 96 90°57 90°29 
Hydrogen, a: 10 9°43 9°87 
106 100°00 100°16 
Determination of Vapor Density.— 
Temperature of balance, 16°5 
Temperature of oil bath, 207°5 
Height of barometer, 760™™ at 14° 
Increment of balloon, 0°3528 
Capacity of balloon, 228 c. c. 
Density of vapor found, 3°7517 


Theory, C,,H,,, 36665 
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These results show clearly that this body has the formula 
C,,H,,, and that it is doubtless the third member of the ben- 
zole series.” Although xylole, first discovered by Cahours in 
the oil separated from wood-spirit, has had a much lower boil- 
ing-point assigned to it, I have retained that name for this body, 
since the results which I have obtained in the study of the light 
oil from wood-tar indicate that when the corresponding body 
from this source is in a state of equal purity, its boiling-point 
will agree with the above determination. I may here mention 
that in my researches on the light oil from wood-tar I have ob- 
tained a body at about 140°, but nothing between that and 110° 
(these temperatures are not corrected), although special pains 
were taken to work up the intermediate fractions. So that I am 
in a position to justify the assertion that no other body was 
= in appreciable quantity between the temperatures men- 
tioned. 

That this body from coal-tar naphtha, boiling at 140°, is not 
identical with cumole from cuminic acid, will be made apparent 
on comparison of the results above stated, with those which will 
be given when treating of cumole. 


4. IsocuMOLE (Cymole of Mansfield).—Specific gravity, 0°8643 
at 0°, and 0°853 at 15°. 

Determination of Boiling-point.—This was conducted with the 
usual precautions, and under conditions similar to those detailed 
above. The distillation, as in the foregoing determinations, was 
continued nearly to dryness, and occupied twenty-five minutes. 
Before distillation was commenced, the temperature of the boil- 
ing liquid was found to be 166° 5, and at the close of distilla- 
tion 167°. Applying the customary corrections to the average 
of these observations, viz: 166°°75, we obtain for the corrected 
boiling-point 169° 

Analysis.—0'1944 gram of the substance gave, by combustion 
in a stream of oxygen, 0.6366 of carbonic acid, and 0°1896 of 
water. 

Calculated. Found. 
Carbon, C,e 108 90-00 89°31 
Hydrogen, H,, 12 10:00 10°84 


120 10000 10015 


" As this memoir is passing through the press, the receipt of my journals for 
September calls attention to late publications of Hugo Miiller, Béchamp, and 
Naquet concerning this hydrocarbon. Miiller concludes that it is xylole, a result 
which agrees with my own. (Annalen der Chemie und Pharmacie, 1864, cxxxi, 
$21.) Béchamp, on the contrary, erroneously regards it as being a new hydrocar- 
bon, not belonging to the benzole series. (Bulletin de la Société Chimique, Paris, 
1864, 204.) Naquet also calls it a new hydrocarbon, and gives it the formula 
(Ibid., p. 205.) 
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Determination of Vapor Density.— 


Temperature of balance, 13°5 
Temperature of oil bath, 241°-0 
Height of barometer, 769°5™™ at 9° 
Increment of balloon, 0:4206 
Capacity of balloon, 239 ce. 
Density of vapor found, 43019 
Theory, C,,H,., 


Hence it appears that the calculated density on the formula 
C,,H,, is 0°151 /ess than that found by experiment. The cal- 
culated density on the formula C,,H,,, which has previously 
been assigned to this body,—although, as above stated, without 
an analysis or determination of vapor density,—is 4°645; which 
is 0-302 greater than that found by experiment. It will be ob- 
gerved that the difference between the density fourd and that 
calculated on the formula C,,H,, is not only more than twice 
as large as the corresponding difference calculated on the for- 
mula C,,H,,, but that the error is reversed; being with C, ,H,, 
a deficiency, while with C,,H,, it is an excess. This circum- 
stance has to my mind a good deal of significance, as it goes 
strongly to show that the lower formula is the true one. For 
of the many vapor densities of hydrocarbons which I have de- 
termined, I have but rarely met with an instance in which the 
density found was not greater than the theoretica! density. And 
I have usually observed that the excess of the experimental over 
the theoretical density is larger in proportion as the boiling- 
= of the body is higher, a fact which needs explanation. 
urtz”* observed a similar difference between the determined 
and calculated vapor densities of bodies of the formule C,H, 
and C,H,,,, which he accounted for on the ground that his 
preparations contained an admixture of bodies less volatile, the 
vapors of which would remain in the balloon, and increase the 
density. But I cannot accept this explanation for the substances 
here treated of, since they invariably distil without residue with- 
in a range of one degree of temperature. I would rather rely 
upon the supposition that the high temperature employed causes 
cere decomposition of the substance, which would be the more 
lable to occur the higher the boiling-point of the body. I do 
not, however, offer this as an explanation, but merely make the 


suggestion. 


Part IL—Hydrocarbons from Oil of Cumin and Cuminic Acid. 


The oil of cumin employed in this research was furnished by 
Messrs. Reed & Cutler, wholesale importers of drugs, etc., of 
Boston. The package bore the label of Eduard Biittner, manu- 


* Bulletin de la Société Chimique de Paris, 1868, 309. 
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facturer, of Leipzig, and purported to be a genuine preparation, 
answering in all of its obvious physical properties—odor, color, 
etc.—the description given of this oil by Gerhardt and Cahours” 
in their original memoir on this spbstance, who, it appears, also 
employed a commercial preparation, “Its behavior in distilla- 
tion left no doubt of its being a genuine article; and this was 
afterwards confirmed by treatment of the cuminole with fused 
potash, for the production of cuminic acid, its comportment with 
this reagent being in all respects identical with that described 
by Gerhardt and Cahours. Subjected to repeated series of frac- 
tionings by my process of fractional condensation already re- 
ferred to, it gave, in addition to cymole and the residue of cu- 
minole, a body boiling at about 155°, which so closely resembles 
oil of turpentine in odor, etc., as to be hardly distinguishable 
from the latter substance. ‘he presence of this body may ac- 
count for the very low boiling-point which Gerhardt and Ca- 
hours assigned to cymole, viz: 165°. The boiling-point of 
cyinole was subsequently found by Gerhardt” to be 175°, but 
my own determination places it still lower by about 5°. It is 
evident, therefore, from a comparison of their own determina- 
tions, that the oil of cumin which they originally operated upon 
contained an oil boiling below cymole; and hence the finding 
of such an oil in that which I employed need not raise a doubt 
as to its being genuine. This lighter body is present in so small 
a quantity as hardly to admit of its being detected, or at least 
identified, by the old process of fractioning; and its detection 
and isolation by the new process is but another illustration of 
the superior excellence of this method. 


1. Or THE Bopy RESEMBLING OIL OF TURPENTINE.—Spe- 
cific gravity, 0°8772 at 0°, and 0 8657 at 15°. 

Determination of Boiling-point—The quantity of material at 
command was too small to admit of attaining so high a degree 
of purity for this body as was desirable. The product obtained, 
however, distilled almost to dryness between 153°-4 and 155° 5. 
Taking the average of these observations, and applying the 
_—_ corrections, we obtain 155°°8 for the boiling-point of this 

y- 

Analysis.—0°2575 gram of the substance gave, by combustion 

with oxyd of copper, 0°8288 of carbonic acid, and 0°2766 of water. 


Calculated. Found, 

Carbon, Cy, 120 88°24 87-73 
Hydrogen, H,, 16 11°76 11°94 
136 100-00 99°67 


® Annales de Chimie et de Physique, 1841, [8], i, 60. 
» Tbid., 1845, [3], iv, 111. 
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Determination of Vapor Density.— 

Temperature of balance, 16° 
Temperature of oil bath, 211° 
Height of barometer, 758°°4™™ at 14° 
Increment of balloon, 0°4939 
of balloon, 221 cc. 

ensity of vapor found, 47281 

Theory, C,,H,,==4 volumes, 4°7028 

Excess found, 0253 


The calculated density on the formula C, ,H,, is 4635; which, 
compared with the density found, would increase the excess to 
0-093. Although the determination agrees more nearly, indeed 
almost exactly, with the calculated density on the formula C,, 
H,,, the calculation on the formula C,,H,, does not show a 
greater variation from the density found, than we have observed 
to be quite frequent with hydrocarbons of so high boiling-point ; 
80 that it may be questionable which of these formule is the true 
one. I cannot regard the determination of a vapor density as 
reliable for fixing the formula nearer than to within two equiva- 
lents of hydrogen. In the absence of opposing evidence, it will 
be wiser, however, to take the formula which agrees best with 
the results of experiment; at least until it shall be shown that 
the discrepancy between the calculated and observed vapor 
densities of bodies of high boiling-point, which appears to be so 
frequent, is nearly constant, or variable by some fixed law by 
which the amount of the error, in any given case, may be pretty 
nearly estimated. Ishall therefore regard this body as having 
the formula C,,H,,, which is also better supported by the re- 
sults of analysis. On account of its source, and close resemblance 
to oil of turpentine, [ think of no better appellation for this body 
than cumo-oil of turpentine ; thus adding another to the long list 
of isomers of the former substance, the chemical relations of 
which stand in so much need of being further studied. 


2. CuMOLE.—This body was first obtained by Gerhardt and 
Cahour$,” by the dry distillation of a mixture of six parts of 
crystallized cuminic acid, and twenty-four parts of caustic baryta. 
Abel® obtained the same result by substituting caustic lime for 
the baryta. His product, however, was found to boil 4° above 
that of Gerhardt and Cahours, My preparation was also made 
by the use of lime. Although the results of my experiments 
confirm the conclusions arrived at by Gerhardt and Cahours as 
to the an of this body, yet the numerical results differ 
considerably from theirs. I have also observed some new facts 
regarding the formation of this body. They have described the 


™ Annales de Chimie et de Physique, 1845, [3], iv, 87. 
* Annalen der Chemie und Pharmacie, 1847, lxiv, 312. 
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reaction between the baryta and cuminic acid as being much 
more simple than my experiments seem to indicate. On this 
point they remark: “The formation of cumene is easily explain- 
ed. In effect, the cuminic acid being represented by C, ,H, ,O,, 
it appears that C,O,, that is to say, 2 equivalents of carbonic 
acid, are retained by the baryta, while C,,H,, are set free.’™ 
C,,H,,0, =C,0, +C,,H,,. 

In another place (p. 88) they remark, that “ by suitably man- 
aging the heat, and employing no more than 6 gr. of cuminic 
acid at a time, no other products are ever obtained than those 
which we mention.” My experiments show that this reaction 
is by no means so simple as thus described. The crude product 
obtained from the mixture of lime and cuminic acid, when sub- 
jected to a simqle distillation from a tubulated retort, was found 
to distil between 155° and 250°, leaving a residue at the latter 
temperature which became semi-fluid on cooling. The distillate 
thus obtained gave, by my process of fractional condensation, an 
oil boiling at 151°1, and a residue at 170°. It is not improbable 
that the latter may prove to be mostly cymole, C, ,H,,; but the 
+ ge. was too small to admit of pursuing this inquiry with 
the probability of deciding the question. There is evidence, 
however, that the product obtained by Gerhardt and Cahours 
was not simply pure cumole, as they described it, but a mixture 
of different Aa which would necessitate a more complicated 
reaction than that which they assigned. Gerhardt and Cahours 
found the boiling-point of their cumole to be constant at 144°. 
Four years later, Gerhardt,” having occasion to make a very 
accurate determination of the boiling-point of this body, in con- 
nection with his research to find a law governing the boiling- 
— of the hydrocarbons, found its boiling-point to be 9° 

igher, viz. 158°, which is but 2° higher than my own deter- 
mination. The disagreement between their determinations, it 
being so considerable, may be more reasonably accounted for 
on the supposition that they operated, in the first instance, = 
a mixture of different bodies; and yet I cannot see how they 
could have obtained the product boiling below 150°. Additional 
evidence on this point will be found in the discrepancy which 
appears between their determination of the vapor density, and 
that calculated upon theory. 

™* «La formation du cuméne s’explique aisément. En effet, l’acide cuminique 
etant représenté par C,,H,,0, on voit que C,O,, c'est-adire 2 equivalents 
d’acide carbonique sont retenus par la baryte, tandis que C3,H,, sont dégagés,” 
—Annales de Chimie et de Physique, 1841, [3], i, 89. 

* « En dirigeant la chaleur convenablement et en n’employant, pas plus de 6sr. 
dacide cuminique a la fois, on n’obtient jamais d’autres produits que ceux que 


nous venons de nommer,” : 
* Annales de Chimie et de Physique, 1845, [3], xiv, 107. 
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The specific gravity of my preparation of cumole was found 
to be 08792 at 0°, and 0°8675 at 15°. 


Determination of Boiling-point.—The quantity of material being 
quite small, this determination was made in a large test tube, 
with the usual precautions. It had not a perfectly constant 
boiling-point, the distillation ranging from 148°-4 to 151°°6. Ap- 
plying the proper corrections to the mean of these observations, 
gives, for the boiling-point of cumole, 151°'1, which is doubt- 
Jess a little too high from the impracticability of making a com- 
ae separation with the small quantity of material employed. 

f the boiling-point difference between cumole and cymole, for 
the difference of C,H, in their elementary formule, is 30°, as 
there is every reason to believe, then the boiling-point of cumole 
should be 150°, as I have found the boiling-point of cymole to 
be but aafraction under 180°. 


Analysis.—0°1700 gram of cumole gave, by combustion with 
oxyd of copper, 0°563 of carbonic acid, and 0°1557 of water. 


Calculated. Found. 
Carbon, C 18 108 90°00 90°35 
Hydrogen, H,, 12 10:00 10°18 
120 100°00 100°53 
Determination of Vapor Density.— 
Temperature of balance, 17° 
Temperature of oil bath, 208° 
Height of barometer, 760°1™™ at 15° 
Increment of balloon, 0°4428 
Capacity of balloon, 232 cc. 
Density of vapor found, 4:2003 


Theory, C,,H,,=4 volumes, 4151 


This determination, as well as the results of analysis, confirms, 
therefore, the formula which Gerhardt and Cahours had assigned 
to this body. I had anticipated a different result from this, inas- 
much as the hydrocarbon from coal-tar naphtha, which I have 
called iso-cumole, boiling at 170°, or nearly 20° higher than cu- 
mole from cuminic acid,—had been found, as I have shown 
above, to have the formula C,;sHj2. Iam forced to the conclusion, 
therefore, that these two bodies are isomeric, and belong to differ- 
ent series. A preliminary examination of their behavior with 
reagents indicates that their chemical properties are also differ- 
ent. These will be treated of on a future occasion, in Part III. 


3. CyMoLE.—Notwithstanding that this body is so much more 
volatile than the cuminole with which it is associated in the oil 
of cumin,—there being a difference of 40° between their boiling- 
points,—Gerhardt and Cahours found it necessary to resort to 
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chemical means, viz: treatment with fused potash, in order to 
isolate it. Being desirous of testing the efliciency of my pro- 
cess in effecting the separation, the preparation employed in this 
investigation was obtained by fractional condensation, this pro- 
cess having been found as effective in this as in other cases. 
This will appear by a comparison of the results obtained in the 
study of this body before and after treatment with concentrated 
sulphuric acid, wid is also effective to remove cuminole. 


Specific gravity.— 

At 0°, before treatment with HOSO,, = 0°8697 

At 0°, after “ “ 0'8724 

At 14°, before 0°8592 


Determination of Boiling-point before Treatment with Sulphuric 
Acid.—The preparation was found to distil to dryness between 
175°-8 and 177°. ‘The temperature remained absolutely constant 
at 176° during the lapse of ten minutes, and occupied fifteen 
minutes in rising from 176° to 176°5. Taking the mean of the 
former numbers, viz: 176°-4, and applying the proper correec- 
tions for pressure, etc., we obtain 179°’5 for the boiling-point of 
cymole. 


After Treatment with Sulphuric Acid.—The preparation dis- 
tilled to dryness between 176° and 177°, the temperature remain- 
ing thirteen minutes constant at 176°°3, indicating that no essen- 
tial change in the boiling-point had been produced by the acid 
treatment. It was nevertheless evident that some impurity was 
being removed by the acid, as the first portions of the latter be- 
came dark-colored and thickened on being agitated with the oil. 
Successive portions of acid were therefore employed, until it 
ceased to produce any marked effect. 

Analysis before Treatment with Sulphuric Acid.—01589 gram 
of cymole gave, by combustion in a stream of oxygen gas, 0°5200 
of carbonic acid, and 0°1532 of water. 


Calculated. Found. 

Carbon, Co, 120 89°55 89:25 
Hydrogen, H,, 14 10°45 10°71 
134 100°00 99°96 


After Treatment with Sulphuric Acid, and Distillation in Vacuo, 
—0'1623 gram of cymole, by combustion in a stream of oxygen 
gas gave 0°5324 of carbonic acid, and 0°1561 of water. 


Calculated. Found. 
Carbon, Coo 120 89°55 89°46 
Hydrogen, H,, 14 10°45 10°68 


134 100°00 100°14 


108 C. M. Warren on the Volatile Hydrocarbons. 


The removal of impurity by treatment with sulphuric acid had 
therefore hardly a sensible effect on the results of analysis. 


Determination of Vapor Density before Treatment with Sulphuric 


Temperature of balauce, 11° 
Temperature of oil bath, 259° 
Height of barometer, 740°6™™ at 5° 
Increment of balloon, 0°4446 
Capacity of balloon, 239 ce. 
Density of vapor found, 4°742 


Theory, C,,H,,=4 volumes, 4°6351 
After Treatment with Sulphuric Acid.— 


Temperature of balance, 25°°5 
Temperature of oil bath, 255° 
Height of barometter, 760™™ at 26° 
Increment of balloon, 0°4647 
Capacity of balloon, 232 cc. 
Density of vapor found, 4°7536 
Ditto before treatment with HOSO,, 4°742 
Difference, 0116 


The results of the two determinations are therefore almost 
identical. 

A comparison of the above results with those obtained in the 
study of isocumole, the body from coal-tar naphtha boiling at 
170°, will show that the two bodies are far from being the same 
substance, as Mansfield assumed, and that they havea constitu- 
tional difference of C,H,, and therefore doubtless belong to dif- 
ferent series. 


Nore.—I had hoped to be able to present on this occasion the results 
of the study of some of the more important reactions of the hydrocarbons 
treated of in the preceding pages,—at least, of those in regard to which 
Ihave differed from my predecessors ; but as this work is yet incomplete, 
and as I am at present occupied with the study of other substances of more 
immediate interest, I will defer this branch of the subject for future con- 
sideration, in Part III. I may here remark, however, that the behavior 
of these bodies with reagents is such as to strengthen the conclusions 
already expressed in regard to them. 

[To be concluded. } 
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Art. XIIL.—On the nature of the Invisible Photographic Image ; 
by M. Carry Lea, Philadelphia. In a letter to the Editors. 


SoME experiments in which I have lately been engaged seem 
to me to finally settle the long-contested question as to the na- 
ture of the invisible photographic image, and I hasten to send 
a very brief description of them, hoping it will be in time for 
your July number. 

The view that the change which takes place in an iodo-bro- 
mized plate in the camera, is a purely physical one, that no 
chemical decomposition takes place, and neither liberation of 
iodine nor reduction of silver, has obtained a pretty general ac- 
ceptance. But latterly it has been "i by two distinguished 
photographers, Dr. Vogel and Major Russel. The former affirms 
that iodid of silver is never sensitive unless there is a body 
—- capable of taking iodine from it under the influence of 

ight. And Russel believes that the developed image is chiefly 
produced at the expense of the silver haloid in the film. 

The following experiments seem to me to decisively close this 
controversy in favor of the physical theory. 


Experiment 1.—If the iodid or bromid of silver in the film 
undergoes decomposition in the camera, and still more, if the 
developed image is formed at its expense, the film of iodo-bro- 
mid must necessarily be greatly consumed in the development 
under the dense portions of the negative, which it has contrib- 
uted to form. 

To settle this point, I exposed and developed an iodo-bro- 
mized plate in the ordinary manner. Then, instead of remov- 
ing the unchanged iodid and bromid by fixing in the ordinary 
manner, I took measures to remove the developed image without 
affecting the iodid and bromid. This I succeeded in doing with 
the aid of a very weak solution of acid per-nitrate of mercury. 
Now, if the iodid, or bromid, or both, had been in any way de- 

- composed, to form, or aid in forming, the developed negative 
image, when this came to be removed, there should have been 
left a more or less distinct positive image, depending upon varyin 
thicknesses of iodid and bromid in the film, much like a fixe 
negative that has been completely iodized. Nothing of this sort 
was visible, the film was perfectly uniform, just as dense where 
an intense sky had been, as in those parts which had scarcely 
received any actinic impression, and looking exactly as it did 
when it first left the camera, and before any developer had been 
applied. 

his experiment seems sufficiently decisive. But the follow- 
ing is far stronger. 
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Experiment 2.—A plate was treated in all respects as in No. 1, 
except that the application of the nitrate of mercury for remov- 
ing the developed image was made by yellow light. The plate, 
now showing nothing but a uniform yellow film, was carefully 
washed, and an iron developer, to which nitrate of silver and 
citric acid had been added, was applied. Jn this way the original 
tmage was reproduced, and came out quite clearly with all its 
details. 

Now as every trace of a picture and all reduced silver had 
been removed by the nitrate of mercury, it is by this experi- 
ment absolutely demonstrated that the image is a purely physi- 
cal one, and that after having served to produce one picture, 
that picture may be dissolved off, and the same physical impres- 
sion may be made to produce a second picture by a simple ap- 
plication of a developing agent. 


Philadelphia, June 14, 1865. 


P. S.—Since the above was written, I have repeated the ex- 
riment with a pyrogallic development with similar results, 
oth the first and second developments may be made with an 
iron developer, or both with a pyrogallic. The experiment suc- 
ceeds without the least difficulty in either way. 


Art. XIV.—Mineralogical Notices ; by Prof. C. U. SHEPARD. 


1. Syhedrite—I have thus named, from its locality, a very 
retty green mineral sent me in small quantity by Dr. Thomas 
Idham, Geological Surveyor General of India. It has the fol- 

lowing properties: Hardness =3'5. Gravity =2°321. Massive; 
irregularly foliated in much-contorted individuals, resembling 
common varieties of massive highly crystalline dolomite. Color 
leek-green,—that of the purest Indian heliotrope. Translucent 
on the edges only. Luster vitreous. Cleavage in one direction 
very distinct. Brittle. Liable to alteration by exposure to the 
weather, when it loses its luster and cleavage, and assumes a pale 
oe color, at the same time emitting an earthy odor if mois- 
tened. 

Before the blowpipe it swells up slightly and undergoes easy 
fusion into a slightly grayish pearly-white enamel. With borax 
it gives imperfectly the reaction of iron. Its powder is apple- 
green, in which state it is but slowly attacked by long boiling 
in. chlorhydric acid. The liquid does not gelatinize on cooling. | 

As I wished to preserve as much as possible of the material 
for an analysis by Mr. Tyler, I had but six grains to submit to a 
qualitative examination. Nevertheless, I kept as accurate an ac- 
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count as I was able of the results obtained. They were, Silica 
55°00, alumina 12-00, lime 6:00, protoxyd of iron 4°50, magnesia 
2°20, water 13°33=94°15. 
The mineral occurs in trap at Thore-Ghat, in the Syhedree 
Mountains, Bombay. 
Mr. W.S. Tyler has sent me the following account of his 
chemical examination, in a letter dated Gottingen, March 1, 1865. 
“T have finished my examination of the Syhedrite, with the 
exhaustion of the material, and send you herewith the results at 
which I have arrived. Though not so satisfactory as could be 
desired, some conclusions as to the constitution of the mineral 
may nevertheless be drawn from them. I devoted most of the 
material, of course, to a search for the alkalies, but found none 
present. Of the rest, the larger part was used for the determina- 
tion of the water and silica, and of the bases as well as possible. 
The determination of the silica failed, through an accident; and 
the precipitate of alumina and oxyd of iron was melted with 
nitrate of potassa to see if a trace of chrome were present. 
None, however, was found. So only the water, lime and mag- 
nesia were determined in this portion. The small remainder 
was again divided. One portion was heated with concentrated 
sulphuric acid in an atmosphere of carbonic acid, to discover, if 
ssible, whether the iron was present as protoxyd or peroxyd ; 
ut the mineral appeared to be entirely insoluble. The other 
portion, of 0095 grams, was devoted to a second determination 
of the water. 
No. 1 (0°8239 grs.) was decomposed with hydrofluoric acid, 
and gave 0°1241 gr. Al?0°, 0°025 er. Fe?0*, 00595 gr. CaO. 
No. 2 (0°3695 gr.), decomposed in the usual way, with carbon- 
ate of soda and potassa, after ignition to determine the waiter, 
gave 00209 gr. CaO, 0°009 gr. MgO. 
No. 8 (0°095 gr.) gave 0°0156 gr. HO. 


Analyses. 
1, 2. 3. Average. Oxygen. Ratio. 
Al, 15:06 — — 7-03 703 2 
Fe, 2-71 271 60 
Ca, 7-28 5°67 645 1°84 342 
Mg, — 2-46 2°46 98 
H, — 1638 1642 1640 1460 1460 4 
Si, (by the loss) = 5692 3036 3036 9 
100-00 


The simplest formula which corresponds to a ratio 1:2:9:4 
would be (skSi+24i8i2)+12 aq. in which # represents 41; and 
k, Fe, and Mg, in the proportion 6Ga and 3Mg. This formula 
requires SiO* 58:05, HO 15°47, Al?0* 14°73, FeO 2°81, CaO 
6:71, and MgO 2°34. If the iron be calculated as peroxyd, we 
have the following composition : 


15:06 


Fe, 3-08 ‘90 

2:82 1 R:#:Si: H=1:3:11:5 

H, 1640 14:60 14°60 5 

Si, 5660 8015 8015 11 


So regarded it has very nearly the composition of stilbite, the 
oxygen ratio in which is 1:3: 12: 5, or (RSi2+AiSi2)45 aq., with 
§i 59°79, 411661, Ga 9°06 and 1454. The mineral differs, 
however, from stilbite in its complete insolubility in acids; and 
its green color would seem, in he absence of chrome, to indi- 
cate that the iron was contained as protoxyd. Want of material 
prevented any further attempts to solve this not altogether easy 
question.”. 


2. Octahedral Garnet at Middletown, Conn.—Ever since the 
china-stone quarry of feldspar has been wrought at Middle- 
town, I have known of the occasional finding there of precious 
garnet in small drusy masses, either loose in cavities of feld- 
spar or slightly adhering to the walls of such cavities. The 
color is intermediate between blood-red and hyacinth-red. The 
largest masses were rarely above half an inch in diameter. 
Their most ambiguous feature was, that they presented no facets 
of the rhombic dodecahedron or the trapezohedron, both of 
which forms were often to be met with in the common red-brown 
garnet of the same locality. Prof. Johnston of Middletown, how- 
ever, has lately sent me a small fragment, among some fragments 
of columbite, which shows distinct octahedral faces, thus evine- 
ing the relationship of the substance with the octahedral garnet 
of Elba. 


8. Corundophilite at Chester, Mass.'—I find this mineral to be 
most abundant along with the emery of this locality, especially 
with the coarse granular variety (where the corundum is in 
rhombohedral crystals of a reddish-brown color); also with the 
margarite. J/menite, in thin curved laminz, is likewise asso- 
ciated with the margarite. 


4, American Sienna.—A valuable repository of this precious 
pigment exists in the town of Whately, which will soon be re- 
ported upon, and is destined to be brought into extensive use. 


5. Diaspore in the Emery-rock of Chester, Mass.—I found this 
mineral on the surfaces of cross-joints of the emery-rock about 
a month since. It was associated with rose-colored amphode- 
lite. On visiting the locality yesterday, I again discovered it 
similarly situated, but associated with radiated epidote; and in 


1 This is the mineral which Dr. Jackson, in his account of the emery locality, 
calls chloritoid. 
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a second instance, in very distinct crystals occupying little clefts, 
the crystals being implanted on massive or simply foliated dias- 
he of a delicate pink color, similar to the Hungarian variety. 

he crystals had the form usually figured for Goethite, and were 
of a blood-red color, owing to a very thin film of peroxyd of 
iron. When broken across, however, they ek the same 
tint as the massive mineral beneath. The hardness, cleavage, 
and blowpipe characters fully agreed with the inferences con- 
cerning the nature of the mineral derived from crystalline form. 

The observation is the more interesting as adding another 
species to the associates of emery detected at this locality. I 
have elsewhere had occasion to point out two Connecticut local- 
ities of diaspore, one at Litchfield with corundum and kyanite, 
the other at Trumbull with topaz and fluor. 


6. Dipyre at Canaan, Conn.—Mr. F. E. Seymour of New York 
gave me for examination an unknown mineral which I find to 
be dipyre. It occurs in small crystals disseminated through a 
white saccharoidal limestone, associated with minute crystals of 
pyrites and occasional scales of a nearly colorless mica. At 
first view the mineral seemed to be a glassy pyroxene; but on 
further examination it was found to disagree with that species 
both in form and in the absence of cleavage. The crystals are 
octagonal prisms, or rather right-square prisms, with their lateral 
edges deeply truncated, so as to possess very nearly equal breadth 
with the primary planes, to which they incline under angles of 
135° (reflec. goniom.). Hardness =6. Gravity =2°6. Semi- 
transparent. Color gray with a tinge of blue. Fracture con- 
choidal to uneven. No traces of cleavage. Luster vitreous. 
Largest crystals one-third of an inch in diameter. Length about 
three times their diameter. I have seen but one crystal (out of 
fifty) that showed a tendency toward a regular termination. 
This exhibited one of the pyramidal planes common in meionite 
and scapolite. Before the blowpipe it immediately whitens, be- 
comes nearly opake, and fuses easily with ebullition into a vesic- 
ular glass, the flame of the blowpipe being deeply colored yellow. 

Amherst College, Feb. 15, 1865. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. On the chemical constitution of the brain.—-Liesreicu has discov- 
ered in the fresh brain of man and animals a crystalline substance to 
which he has given the name of protagon (from agwrayov), The brain 
of an animal is most conveniently obtained free from blood by cutting 
the carotid arteries and injecting water until the liquid which flows from 

Am. Jour. 8c1.—Seconp Serres, Vou. XL, No. 118.—Jury, 1865. 
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the veins is colorless. After removal from the skull and adhering mem- 
branes, the brain is to be rubbed in a mortar to a fine paste and the mass 
shaken in a flask with water and ether. Cholesterin and substances solu- 
ble in water are thus removed; after filtering, the mass on the filter is 
treated with alcohol of 85 per cent at 45° C. in a water-bath and then 
filtered through a water-bath filter. The filtrate is to be cooled to 0° C., 
when an abundant flocky precipitate settles, which is to be collected upon 
a filter and washed with cold ether until the filtrate is free from choles- 
terin. The mass is then to bé dried under the air-pump over sulphuric 
acid, moistened with a little water and dissolved in alcohol at 45° C, 
The solution, after filtration, is to be allowed to cool gradually upon a 
water-bath to the mean temperature of the atmosphere, when the liquid 
will be found filled with microscopic crystals. These differ somewhat in 
appearance according to the quantity of alcohol employed; they may be 
purified by repeated crystallization. The pure protagon as obtained from 
the brains of various animals was found to have the formula 
Dried under the air-pump over sulphuric acid, protagon is a light flocky 
powder soluble in hot alcohol and ether, but with difficulty soluble in 
these media when cold. Absolute alcohol at a temperature higher than 
55° C. decomposes protagon partially. With water, protagon swells 
up remarkably and gives an opaque, starch-like mass. More water gives 
a clear but opalescent solution; when boiled with saline solutions the 
protagon coagulates, but the coaguluin is not a chemical compound, as 
the salts may be washed out. Glacial acetic acid dissolves protagon to a 
clear liquid, from which, on cooling, crystals may be obtained similar to 
those yielded by alcohol. When strongly heated, protagon melts, be- 
coming at the same time brown, and finally leaves a carbonaceous mass 
which is difficult to burn and which has an acid reaction when moistened. 
When protagon is boiled for 24 hours with baryta water, glycerin- 
ea pertte avid is formed, which unites with the baryta, while a new 
ase which the author terms neurin is set free. Two fatty acids are 
formed at the same time, of which one appears to be stearic acid. The 
lead salt of the other acid is soluble in ether, but the acid is not the oleic. 
Neurin has the formula C,,H,,N as the simplest expression of the 
analysis; its platinum salt is C,,H,,NCI, PtCl,. The above investi- 
gations are sufficient to show that protagon possesses an extremely com- 
plex structure, while the products of its decomposition separate it in a 
remarkable manner from other known substances. Liebreich considers 
it certain that the glycerin-phosphoric acid, oleo-phosphoric acid, cerebrin, 
&c., of certain writers, are all secondary products of the decomposition 
of protagon. It is to be hoped that the author will pursue the investi- 
gation, which promises results of extraordinary importance and interest. 
—Ann. der Chemie und Pharm., exxxiv, 29. Ww. G. 
2. On an advantageous method of preparing oxygen—FLEITMANN has 
given a method of preparing oxygen from bleaching powder, which pos- 
sesses much interest theoretically, and which appears also to offer some 
decided advantages over the ordinary processes. The method in question 
depends upon the fact that a concentrated solution of hypochlorite of 
lime, when warmed with a trace of freshly prepared moist hyperoxyd of 
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cobalt, is te decomposed into oxygen and a solution of chlorid 
of calcium. No chlorate of lime is formed, but the whole of the active 
oxygen is given off. The evolution of oxygen takes place at a tempera- 
ture of 70° to 80° C. in a regular current, with a gentle foaming of the 
liquid. The author’s explanation of the process is that a lower hyper- 
oxyd constantly takes oxygen from the hypochlorite of lime and passes 
into a higher oxyd, which is decomposed into oxygen and the lower oxyd, 
and the process is then repeated. The same quantity of hyperoxyd will 
serve to decompose an indefinite amount of the hypochlorite; the quan- 
tity required is very small, from 4 to sy of one per cent being sufficient. 
Instead of preparing the hyperoxyd of cobalt separately, a few drops of 
any soluble cobalt salt may be added to the solution of the hypochlorite, 
when a corresponding quantity of the hyperoxyd is formed. The advan- 
tages of the new mode of preparing oxygen, according to Fleitmann, are 
as follows. 1. The evolution of the gas is very regular and easily man- 
aged, so that the process may be used for lecture experiments in which a 
gas bladder cannot be employed. After the heat is once applied the 
lamp may usually be removed, the decomposition going on to the end. 
2. All the oxygen of the material is obtained, which is not the case when 
peroxyd of manganese is heated. 3. The method is much cheaper than 
that by means of chlorate of potash. 

It is to be regretted that the solution of hypochlorite of lime cannot 
be used in the raw unfiltered state, but must be perfectly clear, since a 
milky solution foams so that finally the whole contents of the vessel pass 
over. A clear solution is best obtained by decantation, one portion of 
of the hypochlorite being heated with water, and then this solution being 
employed to act upon a fresh portion of the bleaching powder. In this 
manner it is easy, from a good bleaching powder of 35 per cent, to ob- 
tain a solution which evolves 25 to 30 times its volume of oxygen. Upon 
the small scale, flasks may be employed with advantage, and these may 
be filled with the liquid to f of their volume. Upon the large scale for 
technical purposes steam boilers would answer well, and would permit 
the evolution of gas under pressure.—Ann, der Chemie und Pharm. 
exxxiv, 64. w. G. 

3. On propyl-phycit.—Carivs has given the name of propyl-phycit to 
a new alcohol, which affords the first instance of a tetratomic organic oxyd 
in combination with water, and the formula of which, in the ordinary 
equivalent notation, is C,H,0,, 4HO or Coe O,. The new alcohol 
is an amorphous, solid, tough and colorless substance. It does not crys- 
tallize, is soluble in water and alcohol, and has a very sweet taste. In its 
chemical re. ions, propyl-phycit resembles the group of sugars in a very 
remarkable manner. The solution, acilulated with a little chlorhydrie, 
sulphuric, or even acetic acid, and evaporated in a water-bath becomes 
brown, wl... a body resembling humus separates, and the greater part of 
the alcohoi is converted into a carbonaceous mass. Humus-like substances 
are also formed by boiling the alcohol with alkalies. Propyl-phycit pre- 
vents the precipitation of oxyd of copper by caustic potash and reduces 
silver from the ammonia nitrate. Dilute nitric acid oxydizes the aicohol 


and forms a new acid, Ce a i O,; by a further oxydation, oxalic acid 
4 


116 Scientific Intelligence. 


is formed. All the four equivalents of hydrogen in the molecule of pro- 
pyl-phycit may be replaced by other radicals, simple or compound; thus 


the lead salt has the formula - oe O,. The author describes various 
2 


ethers derived from the new alcohol, the formule of which are as follows: 
Mono-nitrate, 


C.H 


Tetracetate, 
Triethy] ether, 


Tetrethy]-ether, 


6 
Diaceto-diethyl ether, (C,H,), 0,. 
C,H,02), 
These compounds are of special interest as illustrating the tetratomic 
character of the new radical C,H,, and as establishing the existence of 
4-acid alcohols. They render it, to say the least, extremely probable that 
Mannit, and also the ordinary species of sugar, may be prepared artifi- 
cially, and they confirm the view long since proposed by Berthelot that 
the sugars are hydrated oxyds avalogous to ordinary alcohol but of a 
higher order. A tetracid alcohol will form four chlorids by the successive 
replacement of HO, by Cl. Thus we should have CoH, 0,, Coils ioe. 
4 8 


C,H,.Cl,. Of these two chlorids, the second 
H,/0, 


in order, namely, “ss ‘oi. was obtained by the author from glycerine 
2 


and formed the starting point of the present investigation—Ann, der 
Chemie und Pharm., cxxxiv, p. 71. 


Il. MINERALOGY AND GEOLOGY. 


1, Descriptions of New Species of Fossils from the Paleozoic Rocks of 
the Western States ; by J. H. McCuesney. Chicago. Date of text be- 
tween 1859 and 1861; illustrations, 1865.'—The letter-press of this me- 
moir, issued in separate parts some time back, was brietly noticed in this 
Journal, [2], vol. xxxii, p. 122, 1861. Since that time the author has 
had most of the fossils described by him carefully lithographed, and now 
re-issues the whole, consisting of ninety-seven large octavo pages of text, 
with intercalated wood-cuts, and nine well executed plates containing 
about one hundred and sixty figures. The fact that these figures were 


* The exact date of the publication of this memoir is unknown to us, since it 
bears only the date of the preparation of the first part, (Oct. 1859), which was not 
actually published for some time after; while we did not receive the last part, nor 
can we learn that it reached others, until about the middle of February, 1861. 
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drawn on stone by Mr. Salter of London, the well known English paleon- 
tologist, is alone a sufficient guaranty for their accuracy; but we can add, 
from a personal knowledge of many of these forms, our own testimony 
that they are faithfully represented. 

By reference to our former notice of this memoir, alluded to above, as 
originally published without figures, it will be seen we were then im- 
pressed with the remarkable coincidence of the characters of several 
forms described, with those of old and well known species. But as no 
illustrations accompanied these descriptions as then issued, we did not 
consider our means of comparison sufficient to justify an expression of 
opinion in regard to the validity of the proposed new species. As the 
author has now, however, added good figures of many of these fossils, 
we have made careful comparisons of the species with those figured and 
described by others, and here offer some critical notes embodying our 
conclusions. 

To begin with the first plate, we would remark that figure 1, Retzia 
subglobosa McC, was described by Dr. Shumard in 1858, under the name 
Retzia punctulifera, in the Trans, St. Louis Acad. Sci., vol. i, p. 220. It 
is also identical with a form described by Marcou during the year 1858, 
in his N. Am. Geol., p. 51, as Terebratula Mormonii. Figure 2, Tere- 
bratula geniculosa McC. represents a well known species described many 
years back in this Journal, by Dr. Morton, from Ohio, as 7. bovidens, and 
more recently by Prof. Hall under the name 7’. millepunctata, in vol. iii, 
Pacific Rail Road Reports, p. 101, 1857. Figure 3 of this plate is not 
mentioned in the explanations of the figures, and as no references were 
printed with the text to any of the illustrations, some doubts may exist 
in regard to the species it is intended to represent; but from the fact that 
it agrees well with the description of a shell he proposes to call Ambo- 
celia gemmula on page 41, and with no other form described in the 
memoir, we suppose it must have been drawn from that shell. In regard 
to this form, however, we have only to say, that reliable authorities both 
in this country and England, including Mr. Davidson of London, after a 
careful examination of authentic specimens from the Illinois localities, 
consider it the common Spirifer Urei Fleming. If future comparisons, 
however, should show it to be distinct, Prof. McChesney’s name could 
not stand, since Dr. Shumard had proposed for it the name Spirifer pla-- 
noconverus, in 1858; see Missouri Geol. Report, page 202. Figure 4, 
Spirifer subventricosus (subventricosa in the memoir), seems to be a vari- 
ety of the same shell described by Prof. Hall in 1858, under the name S. 
opimus (Iowa Report, p. 711), judging from specimens of S. opimus from 
the Iowa localities. Figure 5, Orthis Richmondi McC., was described by 
Meek & Hayden, from the Coal-measures of Kansas, in the Proceed. Acad. 
Nat. Sci. Philad., 1858, under the name Orthisina crassa, and subse- 
quently referred by them to the genus Streptorhynchus, to which it prop- 
erly belongs. Fig. 6, Orthis Lasallensis McC. is almost certainly only a 
variety of the last. Upon such trivial differences, species may be multi- 
plied indefinitely in a genus like this. Fig 7, Productus asper McC., fig. 8, 
P. Wilberanus McC., and fig. 9, P. symmetricus McC., are all, we strongly 
suspect, only varieties of one species, apparently very closely allied to the 
European P. scabriculus ; if distinct from that shell, however, Norwood 
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and Pratten’s name, P. Rogersii, (Jour. Phil. Acad. Sci., Aug. 1854) 
founded upon a variety, or more properly, condition of the same, will 
have to be adopted. Figures 11 and 12, Productus tubulospinus McC., 
seems scarcely distinct from the European species, P. punctatus ; but if 
different, our author’s name cannot be retained for it, since it was figured 
by Prof. Shephard in this Journal, vol. xxxiv, p. 153, under the name 
P. semipunctatus, as long back as 1838. 

In regard to Plate II, we would merely remark that figure 5, Bedlero- 
phon Blaneyanus McC. seems to be only a variety of his B. vittatus, 
He is doubtless correct, however, in separating these forms from B. Urei 
Fleming, though here, again, he was too late in proposing a new name, 
since Mr. Cox named this shell B. carbonarius in 1857 (see Kentucky 
Geol. Report, vol. iii, p. 562). His figures 9, 10 and 13, of this plate, 
representing forms he calls Leda Knoxensis, L. Owenii, and L. Rushensis, 
have more the form of the genus Yoldia. If they are true Ledas, how- 
ever, their names must be written Nuculana Knoxensis, N. Rushensis 
and JV. Owenii, since the name Leda is only a synonym of the older 
genus Nuculana Link, 1807. Figure 12, Nucula Mercerensis McC., has 
not the form of shells of that genus as restricted by modern conchologists. 
Figures 14 and 15, Natica Altonensis McC. and N. Shumardi McC. are 
not Naticas at all, as will be seen at a glance, but belong to McCoy’s 
genus Naticopsis, and hence, if new, must be called Naticopsis Altonen- 
sis and Naticopsis Shumardi. The genus Natica, as now restricted, is 
wholly unknown in the Paleozoic rocks, as all well informed paleontol- 
ogists must be aware. Figures 19 and 20, Discina trigonalis McC., and 
D. capuliformis McC. are doubtless only varieties of D. nitida Phillips, 
which, according to figures given by Mr. Davidson, who referred speci- 
mens sent from the Illinois localities to that species, includes a wider 
range of varieties than the two forms figured by our author. 

We pass over Plates III and IV, occupied by figures of shells and 
crinoids, which, so far as we know, represent good species. 

On Plate V, among other Crinoids, he gives (fiz. 4) an excellent rep- 
resentation of a noble species under the name Forbesiocrinus Pratteni, 
which shows distinctly four basal pieces, supposed by our author to be 
‘“ probably an accidental feature.” It is unnecessary, however, to inform 
any.one who has given the Crinoids more than a superficial study, that 
this is a typical Melocrinus, and, hence, must be called Melocrinus 
Pratteni. 

Figure 1 of Plate VI represents his Productus inflatus, which may be 
a small variety of P. semireticulatus, supposing that shell to vary to the 
vextent represented by Mr. Davidson. Figures 8 and 9 of this plate illus- 
trate his Allorisma sinuata and A. clavata. In the explanations of the 
plate he writes their names Allorisma (Sanguinaria) sinuata, and Allo- 
wisma (Sanguinaria) clavata. As Sanguinaria is a genus of plants, the 
Professor doubtless intended to write it Sanguinolites, since the first of 
these two species seems to be congeneric with some of the forms included 
in the latter genus by McCoy. 

On Plate VII, he gives (fig. 4) Nuculites Vaseyanus, which is un- 
doubtedly a true Leda, or more properly Nuculana, and should be called 
Nuculana Vaseyana. The ridge he mentions, descending from the 
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beaks, on the inner side of the valves,.is a common feature in such Car- 
boniferous species as Nuculana bellistriata (=Leda bellistriata of Ste- 
vens). His Mucula rectangula, of the same plate, is more probably a 
Nuculites, 

On Plate IX, fig. 1 represents his Pentamerus bisinuatus, which is ap- 
ang md only a variety of the well known P. oblongus, On the same plate, 

e figures a shell at first described by him under the name Ambonychia 
neglecta, but placed by him now in the genus Pterinea. It has not the 
strung anterior muscular scar, nor apparently the posterior hinge teeth of 
Pterinea, however, and until the characters of its hinge can be clearly de- 
termined, it would have been better tu leave it in the genus Ambonychia, 

In conclusion, we would state that we do not mean to assert that all 
the species described in this memoir are spurious, or placed in wrong 
genera, for some of them are undoubtedly distinct from all previously 
described forms, and have been properly referred; while the descriptions 
are generally sufficiently clear to enable the paleontologist, by the aid of 
the figures, to identify the forms described. The author also deserves 
eredit for having published accurate figures of most of the species pro- 
posed by him, aud it is to be hoped that he will publish figures of the 
others, so that all may form their own conclusions as to which of them 
should be adopted, and which arranged in the lists of synonyms. We 
must confess, liowever, that a careful study of his memoir bas not left a 
very favorable impression in regard to the author's powers of discrimina- 
tion, nor of his knowledge of the literature of the subject upon which he 
has essayed to write. 

2. Mont Alto Lignite and Appalachian Erosion; by J. P. Lesiey. 
30 pp., Svo, with 4 plates. (From the Proc. Amer. Acad. Sci., 1864, 
pp. 463-482.)—Mr. Lesley here describes a bed of lignite found recently 
in Southern Central Pennsylvania. He regards it as of the same age 
with the lignite of Brandon, Vermont, described by Prof. Hitchcock, 
but not connected in any way with the iron ore (limonite) beds with 
which the latter associates thei.’ 

Mr. Lesley enters at some length into the nature and origin of the 
ore-bed formation of the Atlantic border, and the position of the lignite, 
from which we cite the following : 


“It consists everywhere of two parts, more or less easily distinguished ; 
the one stratified in the same sense as the Silurian limestones themselves ; 
the other a surface-wash over the basset edges of the first. The date of 
the formation of this local surface-wash may be Tertiary, and perhaps 
Post-tertiary. The stratified portions must be, as to their stratification, of 
Lower Silurian age; while the metamorphism which they have undergone, 
in situ, productive of stratified clays and ores, may date from any time 
subsequent to the formation of a surface ‘opography approximately iden- 
tical with that which now exists. The actual change of the original Lower 
Silurian calcoferriferous sandstones and slates, in situ, at their outcrops, 
into limonite clay beds, in ipso situ, stratified as before, but charged with 


* These limonite beds were long since shown by Percival to be, iz part at least, 
contrary to the views of Prof, Hitchcock, altered beds of pyritiferous, micaceous 
and argillaceous schist in place. (See his Report (1842), p. 132, and also this Jour- 
nal, [2], ii, 268, 1846.) 
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an additional percentage of the oxyds from a former higher surface now 
eroded, and with this extra charge of iron and manganese carried by per- 
colation down to and crystallized against their foot rock,—this change 
may have required an immense time to perfect, and no doubt was going 
on, pari passu with the degradation of the surface by slow erosion, from 
higher to lower levels, until it stands at the level of the present day. 

“The brown-hematite ore-deposits of Mont Alto follow the outcrop 
edges of the slates and sandy limestones which form the southeastern 
edge of the valley. The ore is in fact nothing but the residue of these beds 
after decomposition and dissolution, the honeycombed and altered edges 
of the Silurian slates and sand-limes themselves, after their lime has been 
washed out of them, and their carbonated and sulphuretted iron has been 
hydrated and peroxydized. The muddy slates formed the present deposits 
of small ore with white and red clay. The sandy limestones formed the 
— harder, siliceous, rock-ore belts. The geologist can procure, in the 

anks, specimens of every stage of this interesting process, from the per- 
fect limestones which refused to disintegrate, and the iron-lime-sandstone 
with the disintegration and recrystallization begun, to the perfect ball 
and pot ore of radiated, acicular, crystallized brown-hematite. The great 
variety in the composition of the original rocks has been the cause of a 
great diversity in the ores taken from the different openings. But two 
principal distinctions may be particularly noticed; viz: that the ores 
which have resulted from the decomposition of the slates are more dis- 
posed to the redshort side, whereas the ores which have resulted from the 
decomposition of the limestones are more or less coldshort ; probably be- 
cause of the sand in the limestones; it is, in fact, called by the New York 
geologists the Calciferous sandrock. The slates, on the contrary, are apt 
to hold a small percentage of sulphur; or perhaps we should say, are less 
likely to permit the abundant drainage needful for carrying off the sul- 
phur in the form of a salt. Sometimes in the same deposit there is a 
mixture of the two varieties, producing a neutral ore. But it is not 
often that such large exposures of both varieties occur in the same 
neighborhood, as is the case here. 

“Taking into view all that we know of these deposits along the southeast 
side of the Great Valley from the Hudson river to Tennessee and Alabama, 
and adding what we know of similar deposits, produced in a similar way, 
out of the exposed outcrop edges of the same rocks in the limestone val- 
leys further back toward the Allegheny Mountains (such as Kishicoquillis, 
Nittany, &c.), and deposits, in the same geological positions in Lancaster 
and Chester counties, we can divide them with great certainty, as stated 
above, into two classes, the s/ate-crop banks, aud the sand-lime-crop banks, 
the former being always geologically underneath the latter.” 

Mr. Lesley also describes the positions of the lignite beds. and refers 
them to the Tertiary age, as done by Lesquereux (though without men- 
tioning the paleontological evidence on this point afforded by the Mont 
Alto lignite). He then points out the fact that these beds of lignite and 
limonite indicate that, toa great extent, the surface-erosion of the Ap- 
palachian and Green Mountain regions antedates the Tertiary period of 
the lignite. He also refers for further evidence with regard to early ero- 
sion over these regions to the New Red Sandstone or Triassico-Jurassic 
of the Atlantic slope, as follows :— 
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“The New Red is seen in the section dipping northward against or 
toward a country, the surface of which is three hundred feet lower than 
itsown. There is no evidence of a wide extension of New Red over that 
lower surface in the New Red age. On the contrary, not a hillock or 
gravel patch of New Red is to be found throughout the whole Paleozoic 
country to the north or west of this, its present absurdly constructed over- 
hanging and outdipping margin. How is this to be accounted for? 

“There must have been some barrier to the New Red waters between 
the Schuylkill and the Susquehanna, to correspond with the barrier which 
we see everywhere else between the Hudson and the James. Otherwise 
the New Red waters would have overflowed, by at least three hundred 
feet, the Silurian valley in its rear, and penetrated to valleys still further 
back by means of the principal gaps in the Kittatinny mountains through 
which the Schuylkill, the Swatara, and the Susquehanna rivers flow. 
Whiat was this barrier? 

“I think none can be suggested but one composed of the originally 
much more elevated surface of the Silurian valley itself. Carry up the 
whole mean level of the Paleozoic area—the valley beds up to the pres- 
ent height of the mountains, and the mountain crests to a proportionately 
greater altitude, the gaps to correspond with both, and the anticlinal and 
synclinal structure to determine the face of the surface at any given 
stage of the process,—and we have the required barrier to the estuary 
of the New Red; the explanation of its top Conglomerate; a good reason 
why there are no New Red traces back of the South mountains; and a 
closer date for the Lignite of Mont Alto.” 


Referring to a plate illustrating the paper, he says, it “is noticeable, 


1. How vast an amount of Paleozoic rock-substance has been swept away ; 
and, yet, that amount represents only the waste of the four lower Paleo- 
zoic formations ; superposed upon these at a still older date, eight others, 
including the Coal-measures, must have formed their surfaces; suppos- 
ing no cataclysm. 2. How fine a chance was given for collecting toward 
the present surface the ferruginous elements of the slowly decomposing 
and cavernous-becoming limestone layers; and 3. How the erosion must 
have acted, for some reason or other, more upon the Paleozoic surface 
outside, than upon the Paleozoic surface inside the limits of the New Red ; 
the reason probably being, simply this: that the latter was under the 
New Red waters, and was being covered up, while the other was being 
eroded; but the erosion had not yet brought the valley surface down to 
the New Red water-level, when the uplift of the New Red took place. 
After which, the two erosions went on with different velocities propor- 
tional to the different solubilities, &c., of the Silurian limestone, and of 
the New Red sandstone, formations. 

As for the lignite, therefore, it must have been subsequent to the ero- 
sion of the New Red, that is, certainly not older than the Cretaceous lig- 
nites of the United States; and when we cousider the immense lapse of 
time needful for carrying the Silurian valley surface from a level with the 
tops of the New Red Hills, down to a level with their feet, we may well 
believe that the precise condition of the ore deposits as we see it, while 
it commenced before New Red times, was not perfected until the latest 
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Tertiary age, and, therefore, this last must be the age of the lignite— 
apart from all consideration of fossils. 
| 3. Eruption of Etna.—A letter by Mr. Fouqué in “Les Mondes” of the 
| 6th of April, contains the following: At half past 10, on the evening 
' of the 21st of January, there was a severe earthquake, and immediately 
after, the eruption commenced. It broke out on the northeast side of 
| the mountain at a point about 1700 meters above the sea-level and 500 
meters from the foot of the old cone of Frumento. In two or three 
| days the lava had flowed on 6 kilometers with a breadth of 3 to 4, and 
a variable thickness sometimes amounting to 10 or 20 meters, The cra- 
ters are seven in number. Four kinds of fumaroles exist there, the dry, 
t on the incandescent lava; the acid, where the temperature is above 400° 
C.; the alkaline, where the temperature is below this, but mostly above 
100° C.; and the carbonic, in an old crater near by, where there is the 
ordinary temperature. There was a remarkable absence of sulphur and 
all its compounds, its odor being not perceptible over the lavas, and paper 
| containing acetate of lead not being blackened by the fumes. The mu- 
riate of ammonia was detected in the acid fumaroles, and even in the 
dry, (although in these in but small quantity), as well as in the alkaline. 
| The four lower craters detonated ditlerently from the three others. The 
detonations of the latter were two or three per minute, and resembled 
thunder, those of the former were a continuous series, too rapid to be 
counted, comparable to the blows of a hammer on an anvil.—Les Mondes, 
April 6. 
4. Volcano of Kilauea.—As all information relating to Kilauea will 
, be read with interest, we insert the following received from Mr. Coan. 
| “The submerging and uprising of the island in the boiling cauldron of 
the crater, is a rare and grand spectacle. The same phenomenon occur- 
red in June last, with this difference, that the island disappeared entirely 
for several days, but was gradually restored by the spouting liquid lava. 
“T was at Kilauea on the 9th and 10th inst. There was much action 
in the great cauldron “ Halemaumau.” The lavas were boiling with vehe- 
mence, as if preparing for action. Besides this raging lake, I saw seven 
other fires at different points in the crater. One lake was boiling most 
intensely, about a mile from the fountain-lake in a northwesterly direc- 
tion. The natives told me that, a day or two previous to my arrival at 
Kilauea, a jagged cone, of the size of a church, and forming an elevated 
island near the center of the igneous lake, became so undermined by the 
intense boiling of the lavas along its apparent base, that it fell over, 
and was submerged in the fiery abyss; but that, after a little time, it 
rose again, like a whale from the deep, and shook cataracts of molten 
minerals from its burning brow. In visiting a Pulu station on the high- 
lands, some fifteen miles from Kilauea, I passed many large pit and cone 
craters, most of them ancient and densely wooded, from 300 to 800 feet 
in height and depth. I spent a night near a beautiful pit-crater called 
Napau, nearly circular, about 300 feet deep, a mile, perhaps, in diame- 
ter, and with a bottom of sand, so smooth and hard that a regiment of 
cavalry might be reviewed there. One-eighth of a mile from this crater, 
fissures are opened in the earth, out of which scalding steam and smoke 
have issued from time immemorial, and affording heat enough to cook 
for an army.”—Honolulu Commercial Advertiser, Dec. 10, 1864, 
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5. Addition to Prof. Shepard’s Notes on the minerals of the Emery 
mine at Chester, Mass., (see p. 112); by the Author.—TI have just found 
the diaspore at Chester, in broad, nearly transparent white lamine, with 
a structure like that of kyanite, also of a most delicate violet color, deeper 
than that of Chemnitz. 

White massive corundum, in veins half an inch thick, occurs travers- 
ing the massive emery. The latter mineral at Chester is exceedingly 
uniform in composition, and may be regarded as an aluminate of protoxyd 
of iron, Fe Al. 

A vein of Indianite, many inches thick, is found near the tunnel on 
South mountain, ranning for many rods through the chloritie rock on the 
east side of the emery-vein (exterior to its gneissoid wall). This chloritic 
seam is called by the workmen “the fringe-rock.” Small particles of 
crystalline corundum are diffused through the Indianite. 

Masonite (the variety near to ottrelite) is also abundant at many places 
in the emery-vein on the North mountain, Brookite rarely attends the 
diaspore and corundophilite. 

I would also add that emery occurs in fine grains widely diffused 
throughout the talcose rock which is the contiguous formation of the 
emery on its eastern side. Indeed I regard this as the parent rock of the 
emery, out of which it was deposited (when the strata were horizontal), 
just as the emery of the Grecian archipelago and Turkey was segregated 
in fine limestone. 

Amherst, Mass., June 23, 1865. 


6. Geological Map of Russia.—An excellent geological map of Russia 
containing the most recent discoveries up to the date of publication was 
prepared by Mr. H. Helmersen and issued in 1863. It presents by colors 
the distribution of the formations over European Russia and the Urals, 
and the adjoining countries to and beyond the Aral sea of the east, Con- 
stantinople on the south, and Stockholm and Cracow on the west. The 
lettering upon it is wholly in Russian; and as it may prove convenient 
to some persons ordering the map, we here give the English names of 
the formations corresponding to the several numbers: 1, Alluvium; 2 
and 3, Pliocene, 2, newer Caspian, 3, ancient Caspian; 4, Miocene; 5, 
Eocene; 6, Cretaceous; 7, Jurassic; 8, Triassic; 9, Permian; 10, Car- 
boniferous; 11, Devonian; 12, Silurian; 18, Metamorphic schists; 14, 
Granite and gneiss; 15, Eruptive rocks. The lines, unbroken and dotted, 
stand for railroads; and the black dots for coal beds. The geology of 
the region between the Black Sea and Caspian is by the geologist, Abich, 
and has a separate numbering and coloring: a, Pliocene; 6, Miocene; 
c, Eocene; d, Cretaceous; e, Jurassic and Triassic ; 7, Carboniferous lime- 
stone and Devonian; g, Metamorphic schists; %, Granite and Protogine ; 
i, Eruptive rocks, not voleanic; &, Voleanic rocks; N, naphtha springs, 
solfataras, mud volcanoes. The map is accompanied by a pamphlet de- 
scriptive of the formations. 

7. On the Changes rendered necessary in the Geological Map of South 
Africa, by recent Discoveries of Fossils ; vy Dr. R. N. Ruswwex, (Proc. 
Geol. Soc.) —Dr. Rubidge first called attention to a former paper, in which 
he pointed out the occurrence.of hovizontal beds of sandstone resting on the 
upturned edges of gneiss, and continuous with inclined sandstone of like 
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kind, interstratified with gneiss. He therefore conjectured that the Clay- 
slate and Bokkeveldt schist, which Bain considered distinct, belonged to 
one formation, that they are of the same age as the gneiss, and that the 
“Carboniferous rocks” of the Eastern province were not separable from 
the clay-slate, which Mr. Bain had called primitive clay-slate. It follows 
from this that if the clay-slate proved Devonian, as Mr. Rubidge believed 
it would, the horizontal quartzite must be much newer, and probably 
an outlying mass of the Dicynodon rocks. He explained these phenom- 
ena by supposing that rocks of widely different ages had been metamor- 
phosed into masses having the same mineralogical characters. The dis- 
covery of certain fossils has lately verified the conjecture respecting the 
Devonian age of the clay-slates and Bokkeveldt rocks ; and Dr. Rubidge 
therefore infers that the rest of the old rocks are of the same age. Fi- 
nally, the discovery of a Calamite in the sandstone, not unlike some 
specimens belonging to the same genus found in the Dicynodon rocks, 
renders the probability of the truth of the second conjecture very great— 
Reader, May 20. 

8. Anthrakerpeton, a new Carboniferous Reptile.—Prof. Owen has 
described a fossil reptile from the Coal-beds of Llantrissent in Glamor- 
ganshire, Wales. It comes from the lower part of the “ Middle” if not 
the upper part of the “ Lower” Coal-measures. The species is interme- 
diate in size between the Baphetes and Dendrerpeton; the ribs are 
longer than in any known Labyrinthodont, and these and the limb bones 
indicate that the animal belonged to “ that low air-breathing type which, 
with developmental condition of the bones like those in some fishes, and 
very common in Devonian, showed forms of the skeleton more like those 
in Saurian reptiles, than in the modern air-breathing Batrachians.”— 
Reader, Jan. 7. 

9. Mineral wealth of Mexico.—PBaron pE Morner, a Swedish man of 
science, is reported to have found a bed of anthracite of excellent quality 
in the district of Guerrero, Mexico. Already a deposit of bitumen and 
of two beds of coal are under exploration in the district of Iturbide, be- 
sides a source of petroleum near Tenancingo, and a vein of cinnabar at 
Sultepee. Two Frenchmen, MM. Favre and Gabriel, are about to under- 
take the working of the iron ore of the district of Chalco, where rail- 
roads are being rapidly built.—Zes Mondes, March 23. 

10. Gneiss with the impression of an Hquisetum.—The museum at 
Turin contains a fragment of gneiss from an erratic block, derived appar- 
ently from the Valteline, from the mass of crystalline rocks of that re- 
gion which underlie the Infraliassic group of Sismonda, Mr. Sismonda 
regards the fossil as proof of the metamorphic character of the funda- 
mental gneiss of the Alps, and as affording a fact bearing on the age of 
the vegetable impressions accompanying the anthracitiferous beds of the 
Western Alps.—Les Mondes, March 23, p. 532. 

11. Kalicine.—H. St. Craire thus names bicarbonate of pot- 
ash, of the same composition with that of the arts, found native at 
Chypis in Valais. An analysis afforded carbonic acid 42°2, potash 46-6, 
carbonate of lime 2°5, carbonate of magnesia 1°34, sand and organic 
matters 3:60, water 7°76, corresponding to the formula KO, CO?4-HO. 
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12. Geological Exeursion—Mr. Franx H. Brapiey, a member of the 
Zoological and Paleontological Department of the Sheffield Scientific 
School, proposes to take charge of a few students, for the purpose of 
giving a practical introduction to geology, during a trip of about four 
weeks through the State of New York. 

He will meet his class at Burlington, Vt., on Monday, July 31st, and 
commence work on the following morning at Port Kent on the opposite 
side of the lake. 

The trip will include visits to some of the fine scenery for which New 
York is famous, as well as to characteristic and productive localities of 
nearly all the formations from the Potsdam sandstone to the Chemung 
group, for whose examination, within a small extent of country, the State 
affords the best opportunity in America, if not in the world, 

For some years past Mr. Bradley has been engaged in the study of 
the New York rocks and fossils, and has made quite extensive collections 
therefrom. We recommend him for the charge which he undertakes. 

Mr. B. informs us that the expenses while with him need not exceed 
one hundred dollars besides his fee of thirty dollars. 

Communications addressed to him at New Haven will be received as 
late as July 25th. 


Ill, BOTANY AND ZOOLOGY. 


1. Thwaites, Enumeratio Plantarum Zeylaniew ; an Enumeration of 
Ceylon Plants, ete., is now completed with the publication of part 5. It 
forms an octavo volume of 483 pages, and is the only separate work of 
any consequence upon the botany of Ceylon since the publication of the 
“Flora Zeylanica” of Linnzeus and the “Thesaurus Zeylanicus” of Bur- 
mann. In the preface, when referring to the changes which are occur- 
ring in the vegetation of the island, through man’s direct or indirect 
agency, Mr. Thwaites records the following interesting fact. “The obtru- 
sive character, too, of a plant brought to the island, about forty years 
ago, is also helping to alter the character of the vegetation up to an ele- 
vation of 3000 feet. The plant alluded to is the Lantana mizta, Linn., 
which appears to have tound in Ceylon a soil and climate exactly suited 
to its growth ; for it now covers thousands of acres with its dense masses 
of foliage, taking complete possession of land where cultivation has-been 
neglected or abandoned, preventing the growth of any other plants, and 
even destroying small trees, the tops of which its subscandent stems are 
able to reach. The fruit of this plant is so acceptable to frugivorous 
birds of all kinds, that through their instrumentality it is spreading rap- 
idly, to the complete exclusion, in spots where it becomes established, of 
the indigenous vegetation.” Dr. Hooker has found time to render his 
invaluable aid in the identification of the species and synonymy, and in 
superintending the publication at London, Mr. Thwaites remaining at his 
post in Ceylon. A. G. 

2. Flora Capensis ; by Drs. Hanvey and Sonper.—The third volume 
of this standard work, comprising the Monopetalous Orders from Rubi- 
acee to Campanulacee inclusive, was issued early in the present year, the 


preface bearing date, Feb. 24. Nearly five-sixths of the 630 pages of 
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this volume, are devoted to the order Composite, which is elaborated by 
Prof. Harvey. Aster is here pretty largely represented, the genus being, 
as might be expected, brought back almost to its original limits by the 
suppression of Felicia, Agathwa, Munychia, and Bellidiastrum, as well 
as Tripolinm, (There ought now, therefore, to be no question about the 
admissibility of the Polynesian Agdtea of the Violet Family, which has 
been thought to be in pronunciation too like Agathe’a.) The price of 
the volume has been raised from twelve to eighteen shillings, which is 
still very reasonable. A. G. 

3. Thesaurus Capensis, by Prof. Harvey, the excellent companion of 
the above Flora, has reached the two-bundredth plate, completing the 
second volume. The most interesting plant figured in the last fasciculus 
is Hydnora triceps, illustrated upon a 1 double plate, A. G. 

4. Ammobroma Sonore (literally, the Sand-food of Sonora) is the 
name of an extraordinary root-parasitic plant, of the region at the head 
of the Gulf of California, which Dr. Torrey has just described and figured 
in the 8th volume of the Annals of the Lyceum of Natural History, New 
York. It has been briefly noticed before (but never fully characterized) 
as a new genus, allied to the rare Mexican Corallophyllum of Kunth 
(or Lennoa, Lexarza), and still more to the Californian and hardly better- 
known Pholisma of Nuttal. It hardly throws any new light upon the 
affinity of these strange plants, which, though justly thought to be rather 
Monotropaceous than Orobanchaceous, are still obscure. This plant, 
growing in a forlorn sandy desert, almost covered by the sand in which 
it lives, was found by its discoverer, the late Col. A. B. Gray, to form a 
considerable part of the sustenance of the Papigos Indians of the dis- 
trict, and is said to be very luscious when first gathered and cooked, re- 
sembling in taste the sweet potato, only far more delicate. A. G. 

5. Annales Botanices Systematice, tom. V1.—With the fourth volume, 
Dr. Walpers having deceased, the editorship of this work passed into the 
hands of Dr. Carl Miiller of Berlin; and fascicle 7 of the sixth volume, 
just issued, concludes the enumeration of the Phanerogamous species 
published from 1851 to 1855 inclusive, and carries down to the letter C 
the alphabetical index of these three volumes. The remainder of the 
index will occupy fase. 8 of this bulky volume, which began to be issued 
in 186]. The accumulation of species published within the last 10 years 
(since 1855) is perhaps equally large; and, if treated in the same way, 
their enumeration may be completed in the year 1875. It is to be re- 
gretted that the compacter plan, adopted in the earlier volumes of the 
series, was not adhered to, A. G. 

6. The Production of Organisms in closed vessels—As appears from 
an abstract in the Reader of May 20, a paper by Groree Cuuxp, M.D., 
in continuation of a former communication, was read before the Royal 
Society, April 27. Dr. Child’s experiments were similar to the earlier 
ones of Prof. Wyman, and reach the same results, viz. that Bacterians 
are produced “exactly under the circumstances in which M, Pasteur as- 
serts that they do not exist.” And he accounts for the discrepancy thus. 
“M. Pasteur, in lis memoir, speaks of examining his substances with a 
power of 350 diameters. Now my experience throughout has been, that 
it is impossible to recognize these minute objects, with any degree of cer- 


| 
| 
| 


Botany and Zoology. 127 


tainty, even with double that magnifying power. When once their ex- 
istence on a slide is shown with a power of 1500 to 1700 diameters, it is 
quite possible afterward to recognize the same object with a power of 
750,” &c. He continues: “I can now have no doubt of the fact that 
‘bacterians’ can be produced in hermetically sealed vessels, containing 
an infusion of organic matter, whether animal or vegetable, though sup- 
plied only with air passed through a red-hot tube, with all necessary pre- 
cautions for ensuring the thorough heating of every portion of it, and 
though the infusion itself be thoroughly boiled. * * * “It seems clear 
that either (1) the germs of Bacterium are capable of resisting the boiling 
temperature in a fluid, or (2) that they are spontaneously generated, or 
(3) that they are not ‘organisms’ at all. I was myself somewhat inclined 
to the latter belief concerning them at one time; but some researches in 
which I am now engaged have gone far to convince me that they are 
really minute vegetable forms. The choice, therefore, seems to remain 
between the other two conclusions. Upon these I will not venture a 
positive opinion, but remark only, that if it be true that ‘germs’ can re- 
sist the boiling temperature in fluid, then both parties in the controversy 
are working upon a false principle, and neither M. Pouchet nor M. Pas- 
teur is likely at present to solve the problem of spontaneous generation.” 
The decided conclusion as to the organic character of these Bacteriums 
was reached through an examination of them by the Jy object-glass re- 
cently constructed by Messrs. Powell and Lealand. A. @. 


7. On the absorption and assimilation of carbonic acid by plants—— 
Mr. Bousstncavit has recently made some experiments on the absorp- 
tion and assimilation of carbonic acid by leaves exposed to sunlight. 
His results are thus summed up: 1. Leaves exposed to the sun in pure 
earbonic acid do not decompose this gas, or if they do, it is with exces- 
sive slowness, 2, Leaves exposed in a mixture of carbonic acid and 
atmospheric air rapidly decompose the former gas. Oxygen does not 
seem to interfere in the phenomenon. 3. Carbonic acid is rapidly de- 
composed by leaves when that gas is mixed with either hydrogen or 
nitrogen. The author has pointed out some analogies of these phenomena 
with the slow combustion of phosphorus under certain circumstances. 
Thus phosphorus placed in pure oxygen does not become luminous, and 
does not burn, or if it does, burns with excessive slowness. In a mixture 
of oxygen and atmospheric air, however, phosphorus burns rapidly; it 
also burns when placed in oxygen mixed with hydrogen, nitrogen, or 
carbonic acid. Phosphorus, which does not burn in pure oxygen at an 
ordinary pressure, becomes combustible when the gas is raretied; and 
Mr. Boussingault found that, similarly, a leaf placed in rarefied pure car- 
bonic acid decomposed the gas and evolved oxygen.— Reader, May 27. 

8. Classification of Polyps; by A. E. Verritu.—tThe following sub- 
divisions of the class of Polyps have been proposed by Prof. Verrill, in 
the Proceedings of the Essex Institute, vol. iv, p. 145. 


Orver I, Maprerorarta.—Polyps simple or compound with embry- 
onic or rudimentary basal or abactinal region, which has no special fune- 
tion unless for vegetative attachment while young. Actinal area well 
developed, form broadly expanded, having a tendency in the higher 
groups to become narrowed toward the mouth, Tentacles simple, coni- 
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cal. Dermal tissues, and usually the radiating ]amelle, depositing solid 
coral; the radiating plates being between the lamelle, are, therefore, 
ambulacral, and appear to originate from the surfaces of the lamella and 
the connective tissues extending across the ambulacral chambers and 
filling them from below. Interambulacral spaces distinct. 


Suborder I. Stauracea (Madreporaria rugosa ').—Coral simple, or compound by 
budding ; chiefly epidermal and endothecal ; septa apparently in multiples of four, 
sometimes wanting. Type embryonic, like a young Astrea or Fungia. 

Families—Stauride, Cyathopbyllide, Cyathaxonide, Cystiphyllidee. 


Suborder Il. Fungacea~-Polyps either simple or compound by marginal or disk 
budding, rarely by fissiparity. Tentacles numerous, in multiples of six, imperfectly 
developed, scattered on the actinal surface, usually short and lobe-like. Upper part 
of polyps scarcely exsert. Coral broad and low, growth mostly centrifugal, tissue 
chiefly septal; walls imperfectly developed, often perforate, subordinate, usually 
forming the basal attachment. 

Families—Cyclolitide, Lophoseride, Fungide, Merulinide. 


Suborder III. Astreacea—Polyps mostly compound, either by fissiparity or va- 
rious modes of budding. Tentacles usually well developed, long, subcylindrical, 
limited in number, in multiples of six encircling the disk. Coral mural, septal and 
endothecal; growth vertical and centrifugal, producing turbinated forms which are 
often elongated. 

Families—Lithophyllide, Mandrinide, Eusmilide, Caryophyllide, Stylinide, 
Oculinide, Stylophoride. 


Suborder IV. Madreporacea (Madreporaria perforata).—Tentacles in definite num- 
rs, twelve or more, well developed, encircling the narrow disk, therefore nearer 
the mouth; polyps with the upper portion much exsert, flexile; growth chiefly ver- 
tical; coral mural and septal, porous. Polyps compound by budding, sometimes 
simple. 
amilies—Eupsammide, Gemmiporide, Poritide, Madreporide. 


Orver II. Acrinarta.—Polyps with well developed, often highly 
specialized, basal or abactinal region. Walls well developed, tentacles 
Jonger, more concentrated around the mouth, which is also, usually, if 
not always, furnished with special tentacular lobes or folds. Ambulacral 
spaces always open, destitute of connecting tissues and solid deposits. 


Suborder I, Zoanthacea.—Polyps encrusting, adherent, budding from mural ex- 
pansions; tentacles simple, short, at edge of disk. 
Families—Zoanthide, Bergide. 


Suborder IT. Antipathacea.—Polyps connected by a ccenenchyma, secreting a 
solid sclerobase or coral axis, Tentacles few, six to twenty-four, simple, conical. 
Families—Antipathide, Gerardide, 


! This group is placed here with considerable hesitation, and principally on ac- 
count of the close resemblance in structure to the young of the succeeding and 
higher groups, when they first begin to form a coral, which then consists of a ring 
of epitheca or epidermal deposit with a few, imperfect, rugose septa radiating from 
the center. If the number four be a constant feature of the arrangement of their 
septa, it is possible that they may be entitled to rank as a separate order of Polyps. 
To this opinion Prof. J, D. Dana inclines, Prof. Agassiz unites the group with Hy- 
droid Acalephs, on account of their resemblance, in some features, to the Tabulata. 
It seems to me, however, that the absence of transverse plates in Cyatharonide 
and Cystiphyllide and the perfection of the vertical septa in Stauride, Cyathaxo- 
nide and some of the Cyathophyllide, together with their general structure, shows 
them to be more closely allied to the Fungacea and Astreacea, of which they may 
be considered embryonic types, while at the same time the group is a synthetic 
one, having analogies with nearly all the higher groups of Polyps, and also, in some 
respects, with Hydroids. 
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Suborder III. Actinacea,—Polyps free, capable of locomotion, with a highly spe- 
cialized, muscular base or abactinal area. Tentacles weil organized, either simple 
or branched, varying from ten to many hundreds, often with accessory organs aris- 
ing from the same spheromeres, such as inner tentacles, verruce, com icated or 
simple branchial lobes, cinclidwe, eye-spherules, suckers, etc. Mouth with special 
lobes or folds. Most of the species are simple, a few are compound by fissiparity, 
many abnormally bud from the wall near the base, a few secrete from the base a 
horn-like deposit similar to the axis of Antipathes. 

Families—Actinide, Thalassianthide, Minyide, Ilyanthide, Cerianthide. 

Orver III. Atcyonarta.—Polyps with well developed actinal, mu- 
ral, and abactinal regions, compound by budding. Tentacles eight, pin- 
nately lobed, long, encircling a narrow disk. No interambulacral epaces. 
Ambulacral ones open and wide. 

Suborder I. Alcyonacea.—Polyps turbinate at base, budding in various ways, en- 
crusting, adherent to foreign bodies by the ccenenchyma. 

Families— Aleyonide, Xenide, Cornularide, Tubiporide. 


Suborder II. Gorgonacea.—Polyps cylindrical, short, connected by a ccenenchy- 
ma, secreting a central supporting axis. 


Plexauridz, Primnoide, Gorginellide, Iside, Corallide, 
iaride. 
Suborder ITI. Pennatulacea.—Polyps forming free, moving colonies, the compo- 


site basal portion with locomotive functions and special cavities, with or without a 
solid free axis. 


Families—Pennatulide, Pavonaride, Veretillide, Renillide. 


9. Embryology of the Star Fish ; by Atexanper AGassiz. 170 pp. 
4to, with 8 lithographic plates, from vol. v, of Prof. Agassiz’s Contribu- 
tions to the Natural History of the United States.—The microscopic re- 
searches here described, and very beautifully displayed on the eight 

lates, relate mainly to the Asteracantheon berylinus Ag., and A. pallidus, 

he author closes with the following important observations on the Radi- 
ate type, and its relation to the apparent bilaterality in the larval Echino- 
derm. 

“ From what has been said, it is evident that the plan of radiation un- 
derlies this apparent bilaterality of the Brachiolaria, and of the Pluteus. 
The throwing of the whole of the stomach and the alimentary canal on 
one side, the complicated system of arms arranged with perfect symmetry 
on each side of the axis, passing through the mouth and the anus, does 
not change, though it partially conceals, the radiate plan. We have Ho- 
lothurians which always creep upon three of their ambulacra, where a 
dorsal and a ventral side, an anterior and a posterior region, are subordi- 
nate to the plan of radiation ; and the same takes place to a less extent 
in Spatangoids. Among Polyps even, which are, as it were, the simplest 
type of radiate animals, an anterior and posterior region are strikingly 
shown in the case of Arachnactis. The additional spheromeres are all 
added at one extremity of the mouth-slit, and yet the Actinia is made up 
of radiating spheromeres. The earliest stages of the larve of Echino- 
derms, before the apppearance of the water-tubes, remind us forcibly of 
the young Actinia soon after it has escaped from the egg, or of the first 
stages of growth of a Scyphistoma, after it has attached itself to the 
ground, previous to the formation of tentacles. What constitutes the 
difference in the structural plan of these animals belonging to different 
classes, in their primary stages of growth ? They are all built according 

Am. Jour. Sc1.—Szconp Serizs, Vou. XL, No. 118.—Jcrr, 1865, 
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to one and the same idea, so carried out as to be eminently echinoder- 
moid itt one instance, acalephian in another, and polypoidal in a third. 
In young Echinoderms, as in young Ctenophora, we find nothing of the 
remarkable preponderance of certain parts which gives these young their 
bilateral appearance in more advanced conditions. Their radiate charac- 
ter is extremely prominent at first, but becomes gradually obscured and 
hidden under the guise of this bilaterality, which is, after all, due only to 
- excessive development of certain spheromeres as compared with the 
others 

“The case of these larve is only an additional example of what we find 
so often in nature, that one plan of structure apparently prevails, while, 
in reality, it is only an external analogy, obtaining a great predominance 
in certain parts, but subservient to the primary plan, even though the 
latter be perceived only on closer examination. This view solves a ques- 
tion which bas hitherto perplexed all investigators of this subject,—viz : 
how it was possible that a larva, which has always been considered as 
bilateral, should produce a radiate animal by a process of internal gem- 
mation. It is, indeed, a bilateral larva, but built upon a radiate plan; 
a larva recalling a lower class of this branch of the animal kingdom, an 
acalephian, larva giving rise to an Echinoderm, which, from its very be- 
ginning, is a radiate animal, having a!l its spheromeres developed at the 
same time, and equally.’ 

“ These transformations are, however, peculiar to the class of Echino- 
derms ; they constitute neither a metamorphosis, nor a case of alternate 
generation. The egg becomes the embryo larva; nothing essential is lost 
during the process; no intermediate individual comes into the cycle. It 
is the yolk which becomes the larva, the latter being, in its turn, trans- 
formed into the young Echinoderm, This larva is, in short, an acale- 
phian larva, reminding us somewhat of the twin individuals of free Hy- 
droids, though adapted to the mode of development of the Echinoderms. 
But, in the latter, we have no intermediate condition corresponding to the 
Polyp-like Hydroid in Acalephs, from which the Medusee or reproductive 
individuals arise, and, in their turn, bring forth the Hydroid again, which 
completes the cycle by developing another set of Medusz. 

“ If the views here taken of the plan of development of Echinoderms 
be correct, they introduce a new set of facts respecting their affinities 
with the Polyps and Acalephs, which cannot fail to have an important 
bearing on the question of the separation of the Echinoderms as a dis- 
tinct type from the two latter groups. The Echinoderm plutean form, 
with its mouth, stomach, intestine, with the water-system originally form- 
ing a part of the digestive cavity, bears, as it seems to me, the same re- 
lation to the Ctenophore which the Hydroid Polyps hold to the true 
Polyps. The Ctenophore may be considered, as it were, the prophetic 
type of the Echinoderms, as the Polyps are the prophetic type of Aca- 
lephs. We have in the Ctenophore a digestive cavity, from which 
branches the water-system, and that peculiar funnel, opening outward, 
through which the fecal matters of the Ctenophore are discharged, 
reminding us at once of the almost identical arrangement of an Echino- 
derm Pluteus, in the relations of the intestine to the stomach. The plu- 


* For a closer comparison of young Ctenophore and Echinoderm Larva, see the 
Mlustrated Catalogue of the Museum of Comparative Zoology, No. II, now in press. 
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tean forms certainly show that the plan, upon which the Echinoderms 
are built, does not differ from that upon which the Acalephs are built, 
and that we have between the Echinoderms and Acalephs the same con- 
nection, based upon the identity of plan which exists between the Aca- 
lephs and Polyps. We cannot, therefore, admit that the views so fre- 
quently urged, and so universally admitted, in support of the separation 
of the Acalephs and Polyps, as a distinct type (Coelenterata), from the 
Echinoderms, have any real foundation in nature ; and still less can we 
concur in them, when we remember that the main argument in their 
favor rests upon the assumed total want of connection between the ambu- 
lacral system and the digestive system. Now this connection has been 
shown, by Prof. Agassiz, to exist in the adult of many Echinoderms, 
while the facts above stated prove that it also exists in the early stages of 
the embryonic developmeut, when, in fact, the water-system is formed 
from the digestive system. With this evidence falls the strongest argu- 
ment for the validity of a classification by which the type of Radiates 
would be broken up, and the Polyps and Acalephs separated from the 
Echinoderms, as a distinct type, under the name of Celenterata. We 
are, therefore, justified in affirming that the type of Radiates constitutes 
an independent type of the animal kingdom, containing three equivalent 
classes,—Evhinoderms, Acalephs, and Polyps.” 


IV. ASTRONOMY, 


1. Note on the inclination of the planetary orbits to the invariable 
plane ; by Prof. G. Htnricus.—On page 138 of the preceding volume 
appears an editorial footnote stating that the numbers given by us for 
the inclinations I of the planctary orbits toward the invariable plane 
“are not quite exact.” As this remark might create doubt of the gene- 
ral closeness of the planetary orbits, the following additional develop- 
ments seem necessary. 

Let ¢ be the inclination of the orbit, and 7’ the inclination of the inva- 
riable plane toward the ecliptic. As the values of ¢ themselves are 
subject to quite considerable changes, we deemed it unnecessary to cal- 
culate the exact values of I, and made use of the equation 

Imi’ 
i. e., subtracting the smaller from the greater angle. 

The remark of the editor has induced us to calaulate the exact values of 
I in order to see how great an error is committed in neglecting the 
spherical excess A of the spherical triangle. From the fifth edition of 
Madler’s Astronomie Populaire (Berlin, 1861) we take the following 
elements : 


Q 
Mercury, 46° 23’ 7° 13"3 
Venus, 75 11 29°8 3 23 31 °4 
Mars, 48 16 18-0 1 51 5°7 
Jupiter, 98 48 37 °8 1 18 42 °4 
Saturn, 112 16 34 °2 2 29 29 
Uranus, 73 8 47°8 46 29 2 
Neptune, 129 59 1 47 


Invariable plane, 106 0 49 -0 1 35 27 -9 (for 1800) 
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These values give the following results (stated to the nearest minute) : 


I A 
Mercury, 6° 18’ 5° 25’ 53’ 
Venus, 2 11 1 49 22 
Mars, 1 40 16 1° 24 
Jupiter, 18 16 2 
Saturn, 55 64 1 
Uranus, is 49 13 
Neptune, 45 12 33 


We have also given the values according to the formula made use of 
in our article, page 138—and the difference of the two first values will 
give the spherical excess A neglected in that approximation. 

It will be seen that the deviation only in the case of Mars exceeds one 
degree, and in the case of Mercury is nearly one degree; but these be- 
long to the smaller planets. Of the large planets there is only Neptune 
making a considerable deviation (33’) from our former value; the very 
near coincidence between the orbit of Neptune and the invariable plane, 
co, out by Mr. Trowbridge (vol. xxxviii, p. 355) does not now exist. 

f Neptune is not in its maximum of inclination, then this circumstance 
would make it highly probable that there must be another planet be- 
yond Neptune (§ 5, 1). 

Thus it appears that our numbers for I given on page 139, though 
approximations only, and therefore not quite exact, still are sufficiently 
near the truth to warrant the deductions then drawn therefrom, except 
in the case of Neptune, which planet at present deviates about 50 min- 
utes from the invariable plane, and thus appears not to be the udtima 
thule of the planetary world. Iowa City, April, 1865. 

2. New Comet.—A large comet was visible in the southern hemisphere, 
in the months of January and February. It was seen at Rio Janeiro on 
the 24th of January. On the 26th, its tail was 26° in length. The fol- 
lowing elements were computed by Mr. Moesta from observations on 
Feb. 21st, 25th, and 29th. On the 20th, he observed a second very 
faint tail branching out to the north of the principal tail. 

Perihelion passage, 1865, Jan. 14°3367, 
3° 3379 062° 17-16 
Q = 255 46°27 log.g = 84511 


? Obtained from the formule 


and c the difference of the longitude of the nodes, and A and B the other two an- 
gles of the triangle, i and 180 - i’, or 180 -é and ¢’, 


A+B 
sin = cos 
‘ ce 
where tan 6 = —x5B ~ sin A.sin B, 
cos —— 
2 
| 
sing = 5 sin Asin B, 


Astronomy. 133 


3. Mr. Huggins om the Spectrum of the Nebula in Orion.—At the 
meeting of the Royal Ast. Soc., March 10th, 1865, Mr. Huggins remarked 
that “* the recent examination of the Great Nebula in Orion shows that 
this large and wonderful object belongs to the class of gaseous bodies, 
The light from this nebula resolves itself under the refractive power of the 
prism into the same three bright lines. With a narrow slit they appear 
exceedingly thin and well defined. The intervals between them are dark, 
and in the light from no part of this nebula was any indication detected 
of a continuous spectrum, such as is characteristic of incandescent solid or 
liquid matter. Different portions of this great nebulous mass were 
brought successively upon the slit, but the results of minute examination 
showed that the whole nebula emits light which indicates a constitution 
identical throughout the body. ‘The light from one part differs from that 
of another in intensity alone. 

The four bright stars of the trapezium and other stars distributed over 
the nebula gave a continuous spectrum. 

According to Lord Rosse and Prof. Bond, the brighter parts near the 
trapezium consist of clustering stars. If this be the true appearance of 
the nebula under great telescopic power, then these discrete points of 
light must indicate separate and probably denser portions of the gas, aud 
that the whole nebula is to be regarded rather as a system of gaseous 
bodies than as an unbroken vaporous mass. 

Since the usually received opinion of the enormous distances of the 
nebule bas no longer any foundation to rest upon, in respect of the 
nebule which give a gaseous spectrum, it is much to be desired that 

proper motion should be sought for in such of them as are suitable for 
this purpose. 

If the gaseous matter of these objects represented the ‘ nebulous 
fluid,’ out of which, according to the hypothesis of Sir Wm. Herschel, 
stars are to be elaborated, we should expect a spectrum in which the 
groups of bright lines were as numerous as the dark lines due to absorp- 
tion found in the spectra of the stars. 

If the three bright lines be supposed to indicate matter in its most 
primary forms, still we should expect to find in some of the nebula, or in 
some parts of them, indications by a more complex spectrum, of an ad- 
vance in the formation of the separate elementary bodies which exist in 
the Sun and in the stars. 

A progressive formation of some kind is, however, suggested by the 
presence in many of the nebulz of a nucleus, the spectrum of which in- 
dicates that it is not pure gas, but contains solid or liquid matter. 

It may, therefore, be, that nebule which have little indication of re- 
solvability, and yet give a continuous spectrum, such as the Great Nebulg 
in Andromeda, are not clusters of suns, but gaseous nebule which, by 
the gradual loss of heat, or the influence of other forces, have become 
crowded with more condensed and opaque portions. 

So far as my observations extend at present, they suggest the opinion 
that the nebule which give a gaseous spectrum are systems possessing a 
structure, and a relation to the universe, altogether distinct from the great 
group of cosmical bodies to which our Sun and the fixed stars belong.” 
—Ast. Soc, Notices. 
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4, On the Meteorite of Mamboum, Bengal; by Mr. Haipincer.— 
This meteorite fell 130 miles northeast of Calcutta, on the 22d of De- 
cember, 1863, at 9 a.m., during a calm. The detonations which accom- 
panied the fall were heard to a distance of 30 miles; and some hours 
afterward a large fragment was collected at Corsipore, a second smaller 
at Pandra, and others, as large as a nut, near Govindpur. The paste or 
base of the stone is ash-gray and is distinctly brecciform in structure, 
without rounded granules. Monosulphuret of iron is abundant in it, 
theugh only in minute particles; grains of metallic iron are less numer- 
ous. The specific gravity is 3:-424.—Ber. Wien, Akad., Sept. 21, 1864. 

5. New Asteroid.—Another small planet was discovered April 26th 
by de Gasparis at Naples. It was equal in brightness to a star of the 
10th magnitude. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE, 


1. Experiments on the production of cylinders of ice by pressure 
through orifices ; by Mr. Fresca, (Proc. Acad. Sci., Paris, for Feb. 21),— 
These experiments were made by acting on ice contained in a cylinder 
0°16 meter (about 6 inches) in diameter, with the requisite pressure to 
drive it through a central orifice in its base ("05 m. (nearly two inches) 
in diameter. These plates, prepared by Tyndall’s method, in some cases 
colored at the joints and in others not, acted like plates of lead or of por- 
celain paste, as before explained by the author to the Academy. The 
surfaces of the planes of division or joints, originally flat, are transformed 
by the process, as with other substances, into tubes concentric and per- 
fectly distinct from one another, thus indicating the movement of each 

int of the mass in the course of the transfurmation. The cylinders of 
ice are longitudinally furrowed, and the furrows appeared to proceed from 
fractures produced at the moment when a portion of the cylindrical block 
leaves the orifice, and when, as a consequence, it ceases to be subjected 
to pressure at the outer extremity. The porcelain paste afforded the 
author delicate furrows or fractures of a similar kind, and in some cases 
the material was divided into small separate lamelle. The evenly-bedded 
structure of the cylinder of ice shows that the origin of these fractures is 
subsequent to the first formation of the cylinder. 

For a block of the dimensions employed in the experiments the pres- 
sure required for the flow of the ice is 10,000 kilograms, while for lead 
it is 50,000 kilograms. These pressures correspond, for the square centi- 
meter, to 126 and 637 kilograms. This pressure of 126 kilograms cor- 
responds to a column of water 1300 meters in height. It is evident that 
if the orifice were smaller in proportion to the diameter of the mass un- 
der pressure, the force requisite would be notably less. 

r. Fresca observes that the circumstances attending the formation 
of these jets of ice appear to throw light on the controverted ques- 
tion as to the movement of glaciers. The relative displacement of the 
fayers of ice in the process, the change of form in the faces originally flat, 
the curved form of the beds at the extremity of each partial tube, the 
large cavities formed toward these extremities, and even the fissures or 
fractures at the moment of escape from the pressure, are so many points 
of resemblance to the phenomena of glaciers. There is not the mass of 
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material constituting moraines, but the traces of coloring matter which 
are deposited in parallel threads, and which are reunited toward the axis, © 
complete to a degree the analogy. 

Tyndall had before shown that ice could be moulded to any shape 
pressure ina mould. Mr, Fresca observes that his trials prove, in addi- 
tion, that it may by pushed into a thread, in accordance with the geomet- 
rical law of this kind of flow. The facts help to bring the explanations 
of Tyndall and Forbes into accord, since they indicate that the viscosity, 
more or less great, of the material does not necessarily play any import- 
ant part in the phenomenon. They exhibit the material conditions of 
the flow: and the transparency of the jet, after its escape from the orifice, 
shows, besides, that, under a comparatively feeble pressure, ice may be 
changed in form without ceasing to be glassy in texture or aspect.—Les 
Mondes, Feb, 23. 

2. Observations on Sepulture in the Age of Stone, between Castries 
and Baillargues, France; by P, Gervats.—A natural excavation, several 
yards in length, has been discovered in the Commune of Buaillargues, 
which had been used for the burial of a number of buman bodies of the 
Age of Stone. The bones were those of adults, and several were of quite 
an advanced age, as shown by the teeth. One of them indicated a man of 
high stature; the femur was 0°465 meter long. A cranium presented to 
the Academy of Sciences by Mr. Gervais was of the type of the white 
race, it having a bracliycephalus head without a trace ef prognathism, 
and a well-leveloped forehead, It appeared to have belonged to a female, 
and not one of advanced years. Flint implements found with the remains 
are regarded as fixing the age to which the people here interred belong. 
There are also in the graves numerous disks of carbonate of lime having 
a hole at center, and some calcareous objects of other forms, a few frag- 
ments of coarse pottery, bits of charcoal, and bones of some modern spe- 
cies of animals, as of the fox, hare, sheep, vertebra of snakes, and femurs 
of frogs. 

Mr. Gervais concludes from his observations, that, in the remote period 
referred to, the country’of Castries and much of southern Franee were 
inhabited by the race here indicated—Les Mondes, Feb. 23. 

8. Lake-habitations—Mr. Messixomer, of Zurich, has again suc- 
ceeded in making some highly interesting discoveries and observations 
by his continued excavations in the large turf-bed near Robenbausen.. It 
is true that these latest discoveries do not give the key to the chronolog- 
ical enigma of the Pale buildings and their inhabitants; but they spread 
a clearer light on the manner of living in that remote period, as well as 
its condition of civilization. Hitherto it was believed that only two of 
these old settlements existed on this curious spot, one above the other; 
these recent observations make it plain that there are three, one on the 
top of the other. The two oldest settlements have been destroyed by 
fire, and furnish a great number of antiquarian objects. The third set- 
tlement, however, the pales of which do not consist of round wood, but 
split oak, had not been destroyed by fire, but had been abandoned in the 
course of time; it is poor in remnants of interest. All three settlements 
which must have existed for a great number of years, belong to the Stone 
period. Among the astonishing quantity of objects of industry recently 
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excavated by Mr. Messikomer, only tools of stone, bone and wood have 
’ been found, many for uses unknown, but not the slightest trace of bronze 
or iron. The distinct separation and length of duration of the pre-his- 
torical periods of the so-called Stone period and Bronze period bave no- 
where been more clearly demonstrated than in the Pale buildings of 
Switzerland, much clearer and more precise even than in those of Den- 
mark and Mecklenberg. No settlements of the oldest men, among those 
known till now, can, in fact, be compared in size and preservation with 
the large lake-villages of the Stone period at Robenhausen, Wauwy! and 
Wangen, on Lake Constance.— Atheneum, May 27. 

4. On the Human Remains of the Trou du Frontal ; by P. J. Vax 
Beneven and Dr. E. Duront.—Remains of fourteen individuals have 
been found at the cave, called (from the discovery of a cranium) Trou 
de Frontal. Of the two best crania, one is orthognathous, the other 

gnathous; and still the prognathous one has the largest cavity. 

he various other bones include fragments of crania and of nearly every 
other portion of the skeleton, part of them the remains of children, and 
others of youths and adults. All lie in complete disorder, as if they had 
been disturbed by some catastrophe subsequent to their first burial; and 
with them are bones of various mammals of kinds now living, besides 
different species of Helix, Cyclostoma and Unio, flint implements, orna- 
ments, amuiets, coarse pottery, a crystal of fluor spar, a bone needle, ete. 

5. Instrument for measuring distances—Dr. Emsmany, in a paper in 
Poggendorff’s Annalen, describes a new instrument for measuring dis- 
tances, which differs from all previous arrangements by being independ- 
ent of the measurement of angles, or of a base line. It consists simply 
in an application of the well-known principle that the image of an ob- 
ject is brought to a focus by a convex lens at a distance from the lens 
varying according to the remoteness of the object. The arrangement 
described by Dr. Emsmann consists of an object-glass of 30”, and an 
eye-piece of 1” focal length, a screen of ground glass, upon which the 
image is received, being placed behind the eye-piece. The instrument, 
it will be seen, resembles in principle a photographic camera; the length, 
however, is about 54 feet. In order to keep the indications within cer- 
tain limits, the screen is placed behind the eye-piece, and the distance 
between the lenses is so arranged that a variation in the distance of 25 
paces, at all ranges, requires at least a movement of one line in the 
screen, Trustworthy readings may be obtained up to 2000 paces. Dr. 
Emsmann suggests that the instrument will be found useful in coast bat- 
teries, for measuring the distance of a vessel out at sea. In siege opera- 
tions, the time generally admits of the measurement of a base line, the 
distance of the enemy’s works being calculated by trigonometry. Should 
there be no practical difficulties in the way, it might probably replace 
with advantage the stadiometer, which depends on the principle of sim- 
ilar triangles, supplied by the War-office to volunteer corps for use in 
judgin drill— Reader, May 13. 

6. On a Journey from Chimborazo to Bogota across the Central Andes; 
by Mr. Rozerr Cross, (Proc. Royal Geogr. Soc., April 24.)—This was a 
narrative of a journey performed by the writer whilst employed by the 
India-office in collecting seeds of the Pitayo cinchona-tree for planting 
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in India. This valuable species of cinchona appeared to be now reduced 
to a few specimens growing near Popayan, from which the writer suc- 
ceeded in obtaining a good supply of seeds, His journey from the 
—— forests to the valley of the Magdelena was over the high and 
bleak plateau of Guanacas, where his mules had a narrow escape from 
perishing of cold, and where he saw the road strewed with skeletons of 
men and animals. 

General Mosquera, Minister of the United States of Columbia to Great 
Britain, at the invitation of the President, addressed a few remarks to 
the meeting in English, in which he described the efforts which the 
government of his native country were making to open a road across 
the Cordillera. . . . This was one out of many enterprises which were 
now being pushed forward with a view to increase the commerce between 
New Granada and Great Britain in the abundant produce of that part of 
Tropical America. 

Mr. Evan Hopkins, C.E., who had been employed by General Mosquera 
to survey various parts of New Granada, confirmed the statements of 
Mr. Oliphant with regard to the geography of the Isthmus. As to the 
vast region which Mr. Cross had given them an account of, the difficul- 
ties of traveling described by him were due to the want of proper pre- 
cautions. He had himself crossed all the ranges of the Cordillera five 
times, without sey any great privation, and a more magnificent 
region for beauty and fertility of soil he had never seen. 

r. Gerstenberg reviewed the capabilities of the various routes which 
had been proposed for a ship canal, and gave his reasons for preferring 
that which had been first suggested by Humboldt, namely, between the 
Gulf of St. Miguel and Caledonia Bay, which was the only line that 
presented the indispensable requirement of good harbors at each end. 

Mr. Oliphant differed from Mr. Gerstenberg in supposing that a good 
harbor at each end was of more importance than a depression in the 
intervening ridge. Mr. Crawford and Dr. Hodgkin also took part in the 
discussion, and the President, in summing up, said the question of cross- 
ing the Isthmus of Panama had been productive, in years past, of fre- 
quent and lively discussions in the Society; but he agrees with Mr. Oli- 
phant, that it would be a disgrace to British geographers if they did not 
complete the examination of this region.— Reader, May 6. 

7. Walker Prizes, Boston Society of Natural History.—The follow- 
ing prizes were founded by the late Dr. William J. Walker, for the best 
memoirs, in the English language, on subjects A sore by a committee 
appointed by the Council of the Boston Society of Natural History. The 
first and second are to be awarded annually ; the third, once in five years, 
beginning with 1870. 

First—For the best memoir presented, a prize of sixty dollars may be 
awarded. If, however, the memoir be one of marked merit, the amount 
awarded may be increased to one hundred dollars, at the discretion of 
the committee. 

Second—For the next best memoir, a prize not exceeding fifty dollars 
may be awarded at the discretion of the committee. 

Neither of the above prizes shall be awarded unless the memoirs pre- 
sented shall be deemed of adequate merit. 

Am. Jour. Sc1.—SzconD VoL. XL, No. 118.—Jutr, 1865. 

18 
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Third—Grand Honorary Prize. The Council of the Society may 
award the sum of five hundred dollars for such scientific investigation or 
discovery in natural history as they may think deserving thereof; pro- 
vided such investigation or discovery shall have first been made known 
and published in the United States of America; and shall have been at 
the time of said award made known and published at least one year. 

f in consequence of the extraordinary merit of any such investigation 
or discovery, the Council of the Society should see fit, they may award 
therefor the sum of one thousand dollars. 

The folowing subjects for prizes under the Walker fund have been 
announced by the Society. 

Subject of the Annual Prize for 1865-6. “ Adduce and discuss the 
evidences of the co-existence of man and extinct animals, with the view 
of determining the limits of his antiquity.” 

Subject for 1866-7. “The fertilization of plants by the agency of 
insects, in reference both to cases where this agency is absolutely neces- 
sary, and where it is only accessory ;” the investigations to be in prefer- 
ence directed to indigenous plants. 

Memoirs offered in competition for the above prizes must be forwarded 
on or before April first, prepaid and addressed “ Boston Society of Natu- 
ral History, for the Committee on the Walker Prizes, Boston, Mass.” 

Each memoir must be accompanied by a sealed envelope enclosing the 
author’s name, and superscribed by a motto corresponding to one borne 
by the manuscript. 

Boston, May, 1865. 

8. Tunnel of Mount Cenis.—Of the total length of the Mt. Cenis 
tunnel, 12,220 meters, 7,977 remain to be made. Having been begun 
in 1858, and with new methods and energy in 1863, 4423-4 meters were 
finished on the first of April, 1865; of which, 1646 meters were accom- 
plished by the old methods of tunnelling and 2777'4 by the new me- 
chanical methods since the commencement of 1863—802 meters in 
1868, 1088 in 1864, and 337°4 in the first three months of 1865. The 
rate of progress in 1862 was 2°02 meters per day, in 1864, 2°92 meters, 
and thus far in 1865, 3°75. At the last rate it will take five years and 
eight months to complete the tunnel.—Les Mondes, May 18, 

9. Centennial Celebration of the Royal Saxon Mining Academy at 
Freiberg.—Baron von Beust and Professors Reich, Breithaupt, Cotta, 
Scheerer, and others have issued an announcement in the Berg- und Hiit- 
tenmdnnisches Zeitung, that the Centennial celebration of the Freiberg 
Mining Academy will take place on the 30th of July, 1866. It is ex- 
pected that many of the former students of the Academy will be present 
at this festival; and it is especially requested that every one interested 
should do as much as possible to acquaint others with the appointed day, 
and, further, every one is solicited to bring his photograph, so that it 
may be placed in a book to be kept in the Mining-Academy as a souvenir 
of the occasion. 

10. The Agassiz Expedition to South America.—The expedition of 
Prof. Agassiz arrived safely at Rio de Janeiro on the 22d of April. The 
Emperor sent a boat along side of the Colorado to take the party on 
shore, and in the evening had a long interview with Mr. Agassiz. The 
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Secretary of the Treasury of Brazil gave orders to have the baggage and 
instruments of the party passed unopened at the Custom House, and 
every courtesy was extended to the members of the expedition by the 
officials of the Brazilian government.—Boston Transcript, June 9. 

11, Report on the mortality in Paris ; by M. Devi1iz.—As far as we 
can judge from historical documents, the annual mortality in Paris at 
the commencement of the last century was 1 in 28; 50 years later, 1 in 
30; in 1836, 1 in 36. The year 1840 was exceptional, and the ratio was 
1 in 33; in 1841 it was again 1 in 36. In 1846, 5 years later, the ratio 
was 1 in 37; in 1851, 1 in 38; in 1856, 1in 39. ‘These numbers apply 
to old Paris. 

In 1860, the time of the annexation, the population was increased by 
the accession of an area less favorable for health than the interior of Paris, 
Still, the proportion of deaths in 1861, out of 1,696,141 inhabitants, 
was 1 in 39, In 1862 and 1863 the diminution in the ratio of deaths 
continued, it amounting in both years to 1 in 40, the number of deaths 
being, in 1862, 42,113. 

The Commission attribute the improvement of the public health to 
the great works carried forward in the capital—that is, the opening of 
avenues, and the improvements in the supply of water, in drainage, in the 
supervision of the “Commission des logements insalubres,” the organiza- 
tion of hospitals; and also to the general prosperity of the working 
classes, who take better care of themselves, dress more warmly, and eat 
more wholesome and abundant food.—Les Mondes, Feb, 23. 

12. Dr. H. Falconer.—It has been determined to place a marble bust 
of Dr. Falconer in one of the London scientific Societies, and to establish 
a Falconer Scholarship, or Fellowship, in Natural Science in the Univer- 
sity of Edinburgh. Upwards of £1000 have already been subscribed.— 
Mackie’s Repert., May 1st. 

13. Ink.—The Paris Société d’Encouragement pour I’Industrie Na- 
tionale has offered a prize of three thousand dollars for an ink that will 
not corrode steel pens.— Athen. 

14, Production of the Sexes.—The views of Mr. Thury, published in 
volume xxxix of this Journal (p. 84) have recently been controverted by 
Mr. Coste, in a memoir read on May 8th before the Academy of Sciences 
at Paris, The author bases his conclusions on an extensive series of ex- 
periments and observations, 

15. British Association.—The thirty-fifth meeting of the British As- 
sociation will be opened on Wednesday, the 6th of September, 1865, at 
Birmingham. Prof. John Phillips is President for the year, William 
Hopkins and Francis Galton, Vice Presidents, George Griffith, General 
Secretary. 

16. Academy of Sciences, Paris.—In May last, Otto Struve was elected 
a corresponding member of the Astronomical Seetion of the Academy, in 
the place of Carlini, and Plantamour of Geneva in the place of William 
Struve; and in the Botanical section, Alexander Braun was elected a 
corresponding member. 

17. Voyage of the Novara.—The second part of volume II of the 
Zoology of the Voyage of the Novara, has been published by the Vienna 
Academy of Sciences. It treats of the Lepidoptera, and is the work.of 
Messrs, Cajetan, and R. Felder. 
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Vatencrennes.—Mr. Valenciennes, the distinguished zoologist, died 
at Paris on the 12th of April last. He was born in that city on the 9th 
of April, 1794. Mr. Decaisne announced his death to the Academy of 
Science in the following words: Mr. Valenciennes was the friend and 
fellow-worker of the most illustrious naturalist of the age, George Cuvier. 
He was for half a century the friend and confidant of Alexander von 
Humboldt. Such friendships will ever honor the memory of our regret- 
ted confrére.—Les Mondes, May 4. 

Pizrre Gratiouet, the eloquent professor of zoology of the Faculty of 
Sciences, Paris, distinguished also as a spiritualist writer, died suddenly 
on the 21st of February last. 

Lxon Durovr, one of the most prominent of French zoologists, and 
especially eminent in entomology, long an associate of Cuvier, Latreille, 
etc., died on the 18th of April, in his eighty-sixth year. 

Avira Firzroy, the able and learned commander of the Explorin 
Expedition of the Beagle, (that of which Darwin was the naturalist, 
hydrographical surveyor in various regions, and author of extended me- 
teorological researches, died early in May last, in his 60th year, having 
been born on the 5th of July, 1805. 

A. Gressty, a prominent Swiss geologist, died recently at Soleure, 
in Switzerland. 

Sim J. Ricuarpsoy, the distinguished naturalist and Arctic voyager, 
died on the 5th of June last. 

Sir Josern Paxron, the architect of the Crystal Palace of 1851, edi- 
tor of the “ Magazine of Botany,” between 1840 and 1852, and author 
of a Botanical Dictionary and other works, died on the 8th of June, at 
his residence, Rock Hill, Sydenham, in his sixty-first year. 

Kuprrer, the meteorologist, and Director of the Central Observatory 
of Russia, at St. Petersburg, has recently died. 


VI. MISCELLANEOUS BIBLIOGRAPHY. 


1. A Treatise on Astronomy ; by Ex1as Loomis, LL.D., Professor of 
Nat. Phil. and Astron. in Yale College. Harper & Brothers, New York, 
1865. 8vo, pp. 338.—This treatise is especially designed as a college 
text-book. This primary object has directed the selection of the topics, 
and the extent of the development of each, The articles and sections 
are also arranged to meet the wants of the class room. The mathemat- 
ical discussions imply a knowledge of the elements of mathematics in- 
cluding Spherical Trigonometry and Conic Sections. The subject is 
rendered more attractive to students by allotting more than usual space to 
various physical phenomena, as, the constitution of the sun, the tides, the 
constitution of the comets, &e. At the end of the volume are fifteen 
tables, and eight plates. The tables give the elements of the planets, 
asteroids, satellites, periodical comets and binary stars, the heights and 
diameters of the lunar mountains, the parallaxes.of fixed stars, dc. 

Prof. Loomis’s Treatise on Practical Astronomy has been deservedly 
esteemed, and his experience of the peculiar wants of college classes affords 
assurance that this treatise will be equally worthy of favor. 
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2. Entomological Society of Philadelphia—The Entomological So- 
ciety of Philadelphia during the three years past has issued three vol- 
umes, containing in all 1650 pages and 20 plates, many of the plates 
_ beautifully colored. Since the commencement of the present year two 
thick numbers of Proceedings have already appeared : No. 1, for January 
and February, containing 212 pages and one plate, No. 2, for March and 
April, containing 120 pages and one plate. These nearly complete the 
4th volume of the publications of this Society. 

These numbers contain the following memoirs: 

Page 1, Hymenoptera of Cuba, Z. 7. Cresson.—p. 201, On certain Diurnal Lepidop- 
tera of N. Ameiica; Wm. H. Edwards, (with a plate).—p. 204, Variation of sexes in 
Argynnis Diana; H. W. Bates.—p. 207, On Synonomy of Parathyris Angelica; A. R. 
Grote.—p. 208, On new species of Chrysopa; H. Shimer.— Page 213, Description 
of three new Canadian Nocturnal Lepidoptera; C. J. 8. Bethune—p. 216, On some 
American Pierine ; 7. Reakirt.—p. 222, On new species of Citheronia, and on Ari- 
sota rubicunda; A. R. Grote and C. 8S. Robinson.—p. 224, New North American 
Limnobina ; R. Osten Sacken.—p. 242, Catalogue of Hymenoptera from Colorado 
Territory, in the Society’s collection; E. 7: Cresson.—p. 3138, New species of Cuban 
Lepidoptera; C. A. Blake.—p. 815, Descriptions of North American Lepidoptera, 
No. 6; A. R. Grote. 

Along with the last number of the Proceedings we have received @ 
copy of a Circular, signed by the Publication Committee, E. T. Cresson, 
J. Cassin and A. R. Grote, annnouncing that the Society had been 

atly indebted for its means of publishing to the generosity of Dr. 
homas B. Wilson, who had given $5,000 as a fund for this purpose, be- 
sides additional aid at various times, and $5,000, also, for the general 
maintenance of the Society ; and that, on account of Dr. Wilson’s sud- 
den death without having carried out his expressed intention to place the 
Society upon a permanent foundation with a large publication fund, it 
was now greatly crippled in its means. The circular states, that, “To 
insure the permanence of the Society, and the continuance of its publi- 
cations, an income of $3,000 is judged to be required, representing a 
funded capital of $50,000,” and that $40,000 are therefore needed and 
asked for from the friends of science in the land. No scientific Society 
or Academy in the United States has been doing, of late, more, or better 
work for science than the Entomological Society ; and the failure of its 
means, which has come upon it so suddenly, is a calamity to the country 
as well as to the general interests of science. This call merits a ready 
response. The Society, as it states, cannot offer any equivalent advan- 
tages for donations to the fund. They propose, however, to make those 
who come to their aid at this juncture, and give at least $100, Honorary 
Members ; while those who give $500 or more will be entitled also to 
the Publications of the Society during life. The public may aid the So- 
ciety by subscriptions to its publications, which are furnished at the small 
subscription price of three dollars a volume. 

8. Whitney's Report on the Geological Survey of California.—The 
Senne of the text of the first volume of this Report, containing the 

aleontology by F. B. Meek and W. M. Gabb, was noticed in the last 
volume of this Journal (p. 99). The engraving of the a has since 
been completed, and they are now ready to be issued. They are thirty- 
two in number, in large 8vo, and are crowded with figures of California 
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fossils, from the Carboniferous, Triassic, Jurassic, Cretaceous, and Tertiary 
formations. They are engraved from drawings by Mr. Meek and Mr. 
Gabb—which is a sufficient pledge of accuracy. These handsome plates 
annexed to the text make one of the most elegant, as well as most valu- 
able, volumes that has yet been published on any department of Ameri- 
can geology. The plates of the Jurassic include figures of the species 
that were obtained from the metamorphic gold rocks of the Sierra Nevada. 

4, A Preliminary Report on the Geology of New Brunswick, together 
with a special Report on the “ Quebec Group” in the Province; by Henry 
Yours Hivp, M.A., F.R.G.S., &e. 294 pp. 8vo. Fredericton, New Bruns- 
wick, 1865.—This Report is made partly from the author’s observations, 
and largely from other sources. It takes up in succession the geograph- 
ieal features of the Province; the general geological structure; the Gran- 
itic series of rocks; the Carboniferous series; the Devonian; the Upper 
and Middle Silurian ; the Quebec Group; and the Drift, Terraces, Beaches 
and Valley-erosion. The Albertite question is discussed, and with the 
conclusion that it is an “inspissated or altered petroleum ” injected from 
below (from the Devonian) into fissures situated along anticlinal axes. 

5. Comparative Geography, by Cart Rirrer, late Professor of Geog- 
raphy in the University of Berlin. Translated for the use of Schools and 
Colleges, by Wau. L. Gace. 220 pp.12mo. Philadelphia, 1865. J. B. 
Lippincott & Co.—This work is a translation of one of the series of lec- 
tures by the great geographer Ritter, whose writings it is almost super- 
fluous to commend. It is a condensed and philosophical review of the 
geographical features of our globe, presented without encumbering de- 
tails, in a simple yet animated style; and is full of instruction both for 
the student and the general reader. 

6. Annual Report of the American Institute of the City of New York, 
for the years 1863, ’64. Albany, 1864,—Discussions, opinions and infor- 
mation on a great variety of topics, of practical interest, connected with 
agriculture and the useful arts, are presented in this volume, together with 
the address of Gen. Wm. H. Anthon and the anniversary address of C. P. 
Daly, LL.D. 

7. Baird’s Review of American Birds.—Sheets 10 to 20, covering 

es 145 to 320 inclusive, of Baird’s * Review of American Birds,” have 

n iesued. They treat of the Motacillida, Sylvicolide, (the latter un- 
der the four subfamilies Sy/vicoline, Geothlypine, Icteriane and Setopha- 
gine), and the Hirundinide. 

8. Naturalist’s Directory; by F. W. Purnam. Published by the 
Essex Institute—Part 1. of the Naturalist’s Directory, noticed in our last 
number, has been issued. It extends to 32 pages, 12mo, and includes 
the names of the naturalists of North America and the West Indies. 

9. Chambers’s Hucyclopedia.—The seventh volume of this excellent 
Encyclopedia has been issued, carrying the work nearly through with the 
letter P. 

10. Report of the Commissioner of Agriculture for the year 1862. 
632 pp. 8vo, with many plates—Among the many interesting papers in 
this volume, there is one on Petroleum, or Coal Oil, by J. P. Lesley ; 
others on the Wheat Plant, Cotton, Tobacco culture, Imphee and Sorghum 
culture, Sheep husbandry and breeding, Marbles of Rutland, Vt., ete. 
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11. Report on the Formation of the Canterbury Plains (New Zealand,) 
with a Geological Sketch-map and five Geological sections, by Juivs 
Haast, Ph.S., F.G.S., ete., Provincial Geologist. 64 pp. small fol., with 
a colored map and sections.—Canterbury Province adjoins Banks’s Pe- 
ninsula, on the west side of the middle island of New Zealand. The 
memoir contains a description of the old glacial deposits, moraines, lacus- 
trine beds, raised beaches, and alluvium of the Province. 

12. American Journal of Conchology.—Part 3 of the first volume of 
this Quarterly, the number for July, contains papers by Messrs. Bland, 
Anthony, Gabb, Conrad, Tryon, Newcomb and Whitfield. The Paleon- 
tological are three on Eocene shells, two of them by T. A. Conrad, and one 
by R. P. Whitfield. The number is illustrated by seven beautiful plates, 
three of which are colored. 


Chemical Technology, or Chemistry in its Applications to the Arts and Manu- 
factures; by Taomas Ricuarpsoy, M.A., Ph.D., etc. 

The Ibis, a Quarterly Journal of Ornithology, edited by Atrrep Newron, M.A., 
F.L.S., F.Z.S8. New Series, 1865. 

The Fibre Plants of India, Africa, and our Colonies: A Treatise on Rheea, Plan- 
tain. Pine Apple, Jute, African and China Grass, and New Zealand Flax (Phormium 
tenax). 1865. London: Macintosh. 

Animaux Fossiles et Geologie de l’Attique. The 11th part of this work, by A1- 
Bert Gaupry, has appeared. 

Atlas Céleste, contenant plus de 100,000 étoiles et nébuleuses, par Cu. Dirx.— 
This very complete Atlas consists of 26 maps. The projection employed corresponds 
to the development of a sphere of 65 centimeters in diameter. 

On the Oil-property of the Philadelphia and California Petroleum Company, 
situated in Santa Barbara and Los Angeles Counties, California; by B. Sittian. 
86 pp. 8vo. 1865.—-The analyses at page 341 of the preceding volume of this 
Journal, are contained in this Report. 

The Geological and Natural History Repertory; an illustrated popular weekly 
magazine of Geology, Paleontology, Mineralogy, Natural History, Terrestrial and 
Cosmical Physics and Journal of Pre-historic Archeology and Ethnology ; edited by 
S. J. Maoxts, F.G.S., ete.—First number, 28 pp. 8vo, of this weekly Journal was 
issued on May Ist. Price 2d. Kent & Co.; Triibner & Co.; Edw. Stanford. 

Note sur les Tremblements de Terre en 1861, avec Suppléments pour les années 
antérieurs, par M. ALexis Perrey, 112 pp. 8vo; also the same for 1862, 180 pp. 8vo; 
from the Memoirs of the Dijon Academy for 1863, and 1864. These Reports 
up every thing published relating to earthquakes during the years mentioned. 

Abbildunger von fossilen Pflanzen aus dem Keuper frauhens, von Dr. J. L. von 
mit erliuterndem Texte von Dr. Avcust Scuenck, Prof. za Wiirzburg : 
mit xiii Tafeln Abbildungen. Preis 6 Thir. 20 Ngr. Subscriptions to this work are 
solicited by the publisher, C. W. Kreidel, Weisbaden. ; 

Transactions oF THE Amer. Patt. Soc., Pu:tapetputa, Vol. XIII, New Series, 
Part [—p. 1, On California Mosses ; L. 25, On the mathematical 
probability of accidental linguistic resemblances; P. Z. Chase.—p. 35, Comparative 
etymology of the Yoruba language; P: E. Chase—p. 57, Thoughts on the influ- 
ence of ether in the Solar System; A. Wilcocks.—p. 105, New Mosses (A List of 
the Mosses in the United States, east of the Mississippi, with descriptions of two 
new species); 7: P. James.—p. 117, On the numerical relations of gravity and mag- 
netism; P. Chase. 

Proceepines Acap. Nat. Scr. No.5. Nov. and Dec., 1864.—p. 
258, Synopsis of the E. American Sharks; 7: Gill.—p. 265, Notes on the Corebi- 
ne (Birds); J. Cassin.—p. 276, Partial Catalogue of the cold-blooded Vertebrates 
of Michigan; EZ. D. Cope—p. 285, Six new W. Asiatic Unionide; J. Leap. 286, 
Birds from S, America; J. Cassin.—Reports of Secretary, Librarian, Curators, dc. 
—aAccording to these reports the Library has received 1201 works ; the Museum— 
besides specimens in all departments of Zoology—the herbarium of Prof. Short of 
Louisville, Ky., containing 6000 species of American jlants, and between 3000 and 
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4000 European species, 12 thick quarto volumes of Alge from the late Samuel 
Ashmead, and 700 species of marine and freshwater Algw, which had been con- 
tributed by Leo Lesquereux to the Central Sanitary Fair. Rosert BripGes was 
elected in December, President for the ensuing year, Wu. 8S. Vaux and J. Cassin 
Vice Presidents, T. Srewarpsoy, M.D., Corresponding Secretary, B. H. Ray, M.D., 
Recording Secretary, I. D. Librarian —1865. No. 1, January, February 
and March.—Page 2, Notes on some new and rapacious birds ; J. Cassin.~p. 5, On 
anew Cormorant from the Farallone Is., California; J. G. Cooper.—p. 7, On ex- 
. treme and exceptional variations of Diatoms, in some White Mountain localities, 
etc.; F. W. Lewis.—p. 19, Synonymy of the species of Streptomatide, a family of 
fluviatile Mollusca, inhabiting North America, part 4; @. W. Tryon, Jr.—p. 317, 
Descriptions of new species of Birds of the Families Paride, Vireonide, Tyrannides 
and Trochilide, with a note on Myiarchus Panamensis; G. N. Lawrence.—p. 40, 
Resolutions on the death of Dr, T. B. Wilson—p. 41, Notice of some New Types of 
Organic Remains, from the Coal measures of Illinois; FB. Meek and A. H. Worthen. 

Proceepines of THE Amer. Acap. or Arts AnD Sct., vol. vi—P. 347, Synopsis 
of North American Gaurinee; J. 7. Rothrock.—p. 354, Tides in Lake Huron; 
J. D. Graham.—p. 356, On Right Ascension of the Pole Star; J. Winlock, U.S.N. 
—p. 360, On Jewish Calendars; C. Pickering.—p. 361, Researches on Volatile 
Hydrocarbons; 0. M. Warren.—p. 363, Revision of the Doctrine of Conditional 
Sentences in Greek and Latin ; Goodwin. 

Proceepincs or THE Boston Soc. or Nar. Hist., vol. ix.—Page 319, Diatoms 
from Randolph, Mass.; C. Stodder.—p. 821, On Selandria Cerasi; A. Winchell.— 
p. 328, Fertilization of Cypripedium spectabile and Platanthera psychodes; 8S. J. 
Smith—p. 329, On two Albino girls; B. J. Jeffries.—p. 8382, On Mode of birth in 
the Opossum ; J. G. Shute.--p. 333, Arctic plants on Mt. Monadnock, C. Pickering; 
On Amphioxus; A. 8. Bickmore.—p, 334, Development of Skates; J. Wyman- 

. 885, Notice of Record Book of the Linnean Society; A. A. Gould--p. 342, 

ubularia; H. J. Clark, (see this Journal [2], xxxvii, 61).—p. 342, A supposed new 
species of Samia; S. J. Smith.—p. 345, T'wo Ichneumons parasitic on Samia Co- 
lumbia; A. S. Packard, Jr.—p. 346, On Amphioxus, Chas, Pickering ; Action of 
sun-light on window-glass ; Z’hos. Gafield.—p. 850, protection against canker-worm ; 
Ordway.-—p. 352, Skeleton of a Hottentot; J. Wyman.—p. 307, Ancient pottery 
from India; D. C. Scudder and W. B. Capron.—p. 368, New variety of Parus; 
H. Bryant, M.D.—p. 369, Galeoscoptes Cabanis; H. Bryant. 

Procerp. Carirornia Acap. Nat. Scr., Vol. III, Part 2, 1864.—p. 101, Descrip- 
tions of New California Plants—No, I; A. Gray.—p. 103, New species of Fishes, 
Sandwich Island—No. 11; A. Garrett (of Honolulu).—p. 108, New California 
Fishes—No. III, with cuts; J. G. Cooper—p. 115, Descriptions of nine species of 
Helix of California; W. Newcomb.—p. 120, New Virgularia of California; W. Mf. 
Gabb.—p. 120, Notice of plants found growing in hot springs in California; W. H. 
Brewer.—p. 121, New species of Pedicularia; W. Newcomb.—p. 123, On California 
Lepidoptera—No. 1V ; H. Behr.—p. 127, Earthquakes in California during 1868 ; 
d. 5 Trask,—p. 130, Earthquakes from 1800 to 1864; J. B. Trask.—p. 158, Cre- 
taceous fossils from Sonora; W. M. Gabb.—p. 155, New shells from the coast of 
California—Part I; P. P. Carpenter—p. 160, California Satyrides; H. Behr—p. 
166, Remains of Horse and Elephant in a deposit near San Francisco; W.P. Blake. 
—p. 167, Ammonites or Ceratites from Oregon Bar, Middle fork of the American 
river; W. P. Blake.—Brushite, a new mineral; G. £. Moore.—p. 170, 172, Fossils 
from the auriferous slate of the Mariposa estate; W. P. Blake, and W. M. Gabb. 
—p. 173, Fossils from the Quicksilver region, San Luis Obispo; W. M. Gabb.—p. 
174, Crystallization of Brushite ; J. D. Dana.—p. 175, New California marine shells ; 
P. P. Carpenter (of Warrington, England). 

Proceepines oF tHe Essex Instrrure.—Page 145, Classification of Pol ps; 4. Z. 
Verrill.—p. 153, Habits and distribution of the Duck Hawk in the breeding seasons 
and description of the eggs; J. A. Allen, 

Verhandlungen der Kaiserlichen Leop.-Car, deutschen Akademie der Naturfor- 
scher (or Acad, Cxs, Leop.-Car. Germ. Nature Curiosorum), Vol. xxxi, Dresden, 
1864.—Contains a paper on the Meteorology and Climatology of Central America 

Moritz Wagner (31 pp., 4to); also an ela!orate memoir by Dr. A. Baur on the 

pta digitata (120 pp., 4to) illustrated by several plates; besides other papers. 


